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DEVELOPMENT AND TESTING OF A NEW PHOSPHORUS INDEX  
FOR KENTUCKY 
 
C.H. Bolster1, S. Mehlhope2, T. Horvath3, S.F. Higgins2, J. Delgado4, R.D. Coffey2, 
 S. Coleman5, P. Goodman6, B. Lee2, C. Renfro5, E.L. Ritchey2,  
R. Smallwood3, J. Sanders3, K. Woodrich3  
1 Animal Waste Management Research Unit, USDA-ARS, Bowling Green, KY 42104 
Phone: 270-781-2632; E-mail: carl.bolster@ars.usda.gov  
2University of Kentucky, 3Kentucky USDA-NRCS, 4USDA-ARS, Fort Collins, CO., 
5Kentucky Division of Conservation, 6Kentucky Division of Water  
 
Introduction: The phosphorus index (PI) is a tool developed by USDA-NRCS to 
evaluate a field’s risk of P loss and has been adopted by KY as part of its 590 Nutrient 
Management Standard. USDA-NRCS recently revised their 590 Standard, now requiring 
that states test the accuracy of their PI against measured P loss data or simulated P loss 
data generated from a P loss model. A recent study comparing output from the KY PI to 
output from an empirically-based P loss model highlighted several important deficiencies 
with the existing KY PI. To address these limitations, a committee consisting of scientists 
from federal, state, and local government agencies was formed to formulate a new PI for 
KY. Here we briefly describe the new KY PI and compare output from the new PI with 
measured P loss obtained from a variety of sites outside KY.  
 
Methods: Given the lack of field-scale P loss data available in Kentucky, we developed 
the new PI based on published studies in the literature, professional judgment of the PI 
revision committee, and methods used in existing PIs from several states.  The new KY 
PI uses a component formulation to assess risk of P loss in surface runoff from a given 
field. In this formulation the risk of P loss is calculated as the sum of P loss risk from 
each P loss pathway. For the new KY PI, the P loss pathways we have included are P loss 
through soil erosion, and dissolved P loss in surface runoff yielding: Risk of P Loss = Particulate P Loss + Dissolved P Loss in Surface Runoff   [1] 
The particulate P loss component in the new KY PI is calculated as: 
𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑃𝑃 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿  =  10 ∙ 𝑆𝑆𝑆𝑆𝑃𝑃 ∙ 𝑆𝑆𝑆𝑆𝑆𝑆 ∙ 𝑆𝑆𝐸𝐸 ∙ 𝑆𝑆𝑆𝑆𝐸𝐸 ∙ 𝐵𝐵𝐵𝐵𝑃𝑃    [2] 
where soil test P (STP) is Mehlich-3 STP (lbs P/ac); SED is the long-term average annual 
erosion rate (tons/acre/year) calculated from RUSLE2; SDR is the sediment delivery ratio; 
ER is enrichment rate; BMP is a best management practices factor which accounts for 
various conservation practices which meet NRCS Conservation Practice Standards; and 
10 is a weighting factor to convert STP to total soil P.  
 
Dissolved P loss in surface runoff in the new KY PI includes P loss from three sources: 
STP, applied inorganic fertilizers, and applied manures: 
𝑆𝑆𝑎𝑎𝐿𝐿𝐿𝐿𝐿𝐿𝑎𝑎𝐷𝐷𝑎𝑎𝐷𝐷 𝑃𝑃 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑓𝑓𝑎𝑎𝐿𝐿𝑓𝑓 𝑆𝑆𝐿𝐿𝑎𝑎𝑎𝑎 =  0.12 ∙ 𝑆𝑆𝑆𝑆𝑃𝑃 ∙ 𝐸𝐸𝑅𝑅     [3] 
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where RO is average annual runoff in cm and 0.12 is a soil extractability coefficient 
based on published values. To calculate RO we developed an emprical relationship 
relating runoff to curve number values based on long-term precipitation data for each 
county in KY. 
 
Dissolved P loss in surface runoff from applied inorganic fertilizers is calculated as: 
𝑆𝑆𝑎𝑎𝐿𝐿𝐿𝐿𝐿𝐿𝑎𝑎𝐷𝐷𝑎𝑎𝐷𝐷 𝑃𝑃 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑓𝑓𝑎𝑎𝐿𝐿𝑓𝑓 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎𝑎𝑎 =  0.9 ∙ 0.43 ∙ 𝐹𝐹𝑆𝑆𝐸𝐸𝑆𝑆𝑃𝑃 ∙ 𝐴𝐴𝐹𝐹 ∙ 𝐸𝐸𝑅𝑅  [4] 
where FERTP is amount of fertilizer P applied (lbs P2O5/acre), AF is an application 
factor based on time of year and application method, the weighting factor of 0.9 is 
adopted from the GA PI where it is assumed that only 90% of applied fertilizer P is 
water-soluble, and 0.43 is a conversion factor to convert from lbs P2O5/acre to lbs P/acre. 
 
Similarly, dissolved P loss in surface runoff from applied manures is calculated as: 
𝑆𝑆𝑎𝑎𝐿𝐿𝐿𝐿𝐿𝐿𝑎𝑎𝐷𝐷𝑎𝑎𝐷𝐷 𝑃𝑃 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑓𝑓𝑎𝑎𝐿𝐿𝑓𝑓 𝐵𝐵𝑎𝑎𝑀𝑀𝑎𝑎𝑎𝑎𝑎𝑎𝐿𝐿 = 0.43 ∙ MANP ∙ (WSP +  MNRL[1 − WSP]) ∙INF ∙ AF ∙ 𝐸𝐸𝑅𝑅          [5] 
where MANP is the amount of P applied in manure (lbs P2O5/acre), WSP is the fraction 
of manure P that is water soluble, MNRL is a mineralization rate, and AF is an 
application factor. 
 
The new KY PI was evaluated by comparing output against measured P runoff data 
published in the literature collected from a variety of sites outside KY representing 
different soil types, climatic and physiographic regions, and P management strategies.  
 
Results: Significant modifications to the KY PI include treating runoff as a continuous 
variable, development of county-specific relationships between curve number and runoff, 
inclusion of P application rates from both fertilizer and applied manures, and directly 
accounting for P loss through soil erosion. Moreover, the new KY PI uses a component 
formulation whereas the original PI used what is termed an “additive” formulation which 
has been shown to be inadequate for describing P loss risk from fields. A good 
correlation (r2 = 0.76) between the updated KY PI and the observed P loss data was 
observed.  Indeed, the new KY PI was much better correlated with the observed P loss 
data set than the GA PI (r2 = 0.15), which we used as a guide in developing the new KY 
PI. The improved correlation was likely a result of our updating the PI weights to be 
more consistent with published observations of P loss from field studies and how P loss is 
calculated in process-based and empirical P loss models.  
 
Summary:  The KY PI was initially developed in 2001 and has not been updated to 
reflect current knowledge of the factors controlling P loss from agricultural fields. Here 
we develop a new PI for KY based on observations in the literature, which allowed us to 
develop a more process-based PI that included all of the major factors controlling P loss 
in surface runoff. Although output from the new KY PI was well correlated with P runoff 
data collected from a variety of sites through the U.S., the new PI still needs to be 
evaluated against P loss data collected in KY. The new PI is currently being integrated 
into a GUI format to make it more accessible to end users.   
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THE NEW KENTUCKY NITROGEN AND PHOSPHORUS RISK ASSESSMENT 
TOOL TO PROTECT WATER QUALITY 
 
Tibor Horvath1, Jorge A. Delgado2, and Carl H. Bolster3 
 
1USDA-NRCS, 771 Corporate Drive, Suite 210, Lexington, KY 40503; (859) 224-7413; 
Tibor.Horvath@ky.usda.gov; 2USDA-ARS, SPNR, Fort Collins, CO; (970) 492-7260; 
Jorge.Delgado@ars.usda.gov; 3USDA-ARS, MSA-6445 AWMR, Bowling Green, KY; 
(270) 781-2632; Carl.Bolster@ars.usda.gov 
 
ABSTRACT 
 
Agricultural systems require nitrogen (N) inputs to maximize yields and economic 
returns for farmers, but when N is applied at higher rates than necessary, there is potential 
for increased N and phosphorus (P) losses that can negatively impact groundwater quality 
(N), air quality (N), and surface water quality (N and P). New tools are needed that can 
be used by nutrient managers and conservationists to quickly assess the risk of N and P 
losses and determine alternative management practices that could reduce off-site losses of 
these nutrients. A new N and P Index for Kentucky was developed to enable quick 
assessments of the effects of management practices on the risk of N and P losses. The N 
Index component of this tool has been compared with experimental field data and been 
shown to estimate the effects of management practices on N loss pathways (P < 0.001). 
Nitrate-nitrogen (NO3-N) leaching losses estimated by the tool correlate with measured 
NO3-N leaching values ( P < 0.001). Results for the P Index component of the tool 
suggest that its estimations of P loss risk correlate with measured risk values.  
 
Tools like this are of key importance. A study released in September 2011 by the 
USDA found that only about a third of U.S. cropland is applying all of three best 
management practices (BMPs) for N in terms of application rate, time, and method, and 
that it costs billions of dollars annually to remove nitrate from drinking water 
(http://www.ers.usda.gov/Publications/ERR127/). To help reduce negative impacts to the 
environment the new National 590 Nutrient Management Standard was released in 
January 2013. The standard requires the development of state specific N risk assessment 
tools if N leaching and runoff from agricultural land presents a resource concern in the 
state.  It also gives instructions for updating existing P risk assessment tools, focusing on 
the transport factor of P entering surface waters from crop fields.  
 
Tools like the Kentucky N and P tool will help implement conservation on the 
ground to minimize environmental impacts from nutrient losses. The Kentucky N and P 
Index for laptop and desktop computers can be downloaded from the USDA-ARS-SPNR 
webpage at http://www.ars.usda.gov/Services/docs.htm?docid=20334. Additionally, the 
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N Index component of the tool is already available in the mobile application, and the P 
Index component will be released in the near future. This new tool developed for 
Kentucky is a new, cutting-edge prototype that is being used by the USDA Natural 
Resources Conservation Service (NRCS) in Kentucky as a conservation planning tool to 
enhance efforts to reduce non-point source nutrient pollution in the state that is generated 
from animal manure and commercial fertilizer applications on crop fields.  
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HERBICIDE TRANSPORT WITHIN SHALLOW KARST GROUNDWATER ON 
KENTUCKY’S PENNYROYAL PLATEAU BENEATH ROW CROP AGRICULTURE 
 
Chris Groves1, Robert Lerch2, Jason Polk1, Ben Miller1, and Sean Vanderhoff1 
 
1Hoffman Environmental Research Institute, Western Kentucky University, Bowling 
Green Kentucky USA, 270-745-3252 <chris.groves@wku.edu> 
2US Department of Agriculture ARS Cropping Systems and Water Quality Unit, 
Columbia, Missouri USA, <LerchR@missouri.edu> 
 
Agricultural land use impacts more than 10,000 km2 of Kentucky’s limestone karst 
regions where fecal bacteria, pesticides and excess nutrients are introduced into karst 
aquifer systems.  In this region these introduced contaminants typically pass through the 
perched, saturated epikarstic zone in the shallow bedrock before reaching the main part of 
the karst aquifer. Transport behavior through the epikarstic zone has potential 
implications for timing, storage, and exposure to a variety of geochemical and biological 
environments and thus potential transformations. 
 
We are investigating transport, storage and biogeochemistry of the shallow karst system 
in a small (~1 hectare) epikarstic drainage system fed by autogenic recharge influenced 
by active row-crop farming in the well-developed karst aquifer system of south-central 
Kentucky’s Pennyroyal Plateau.  We measure 10-minute resolution rainfall recharge rates 
and hydrochemical parameters (temperature, pH, discharge, specific conductance (spC) 
and carbonate chemistry) below within Crumps Cave at a discrete epikarst drain about 
200 m laterally and 25 m below the field’s surface.  This is augmented by hourly to 
weekly grab samples.  Direct connection between the farm field and underground 
monitoring site has been established by tracing experiments. 
 
We present here one year (2011) of data describing the transport and fate of atrazine and 
its principal metabolites from field application through the soil and into the karst 
groundwater system.  During the growing season corn was grown in the study catchment, 
with application of the broadleaf herbicide atrazine (2-chloro-4-(ethylamino)-6-
(isopropylamino)-s-triazine) in early spring. Sampling indicates that low concentrations 
of atrazine (about 0.04 µg/L) and the metabolites deethyl atrazine (DEA, about 0.2 µg/L) 
and deisopropylatrazine (DIA, about 0.1 µg/L) permeated epikarst water prior to spring 
application. New atrazine itself began to move from the epikarst to the main part of the 
karst aquifer some two months after application, with concentrations reaching at least 38 
µg/L), exceeding both Kentucky and US standards for drinking water (3 µg/L) by more 
than an order of magnitude. Relatively high concentrations of atrazine came through 
during several storm events followed by relatively stable concentrations of about 0.1 
µg/L for the rest of the year.  
 
The hydrology of the soil and epikarstic zone thus impacts fate and transport of these 
contaminants, with storage and continuous leakage of atrazine metabolites for at least a 
year after application. The main pulse of new atrazine into the karst aquifer was retarded 
6  
for several months over just a few hundred meters. During this time was it in the soil or 
epikarst? 
 
We computed the dealkylated metabolite to parent ratio (DMPR) and the DEA to atrazine 
ratio (DAR). Both ratios reflect the same pattern, showing high levels of metabolite to 
parent during the winter, a precipitous drop in the ratio with the atrazine transport in early 
May and then a near linear increase through the summer and early fall. Summer ratios 
reach nearly twice that of ratios in the winter, pre-application period, showing that the 
metabolites dominate the transport through the course of the summer and early fall. These 
observations support the hypothesis of atrazine slowly leaching through the soil column 
such that significant degradation occurred as opposed to fast atrazine transport to the 
epikarst aquifer and subsequent storage before eventual breakthrough to the cave and the 
main part of the aquifer system. In other words, this is a type of column breakthrough in 
which most of the atrazine stayed in the biologically active soil zone and degraded 
through the course of the year. The parent that did make it was simply a small portion of 
the applied atrazine that was not subject to microbial breakdown as it must have been 
transported deeper into the soil and slowly moved through the sub-soil before reaching 
the epikarst and eventually to the cave monitoring site. 
 
The chemical entered the karst aquifer directly through the soil on the flank of a large 
closed depression with little or no overland flow, and in which there are no soil collapse 
features (cover collapse sinkholes).  This calls for reevaluation of commonly prescribed 
Best Management Practices for karst in Kentucky, which limit application within 15 
meters (50 feet) of a “sinkhole.” What is meant by “sinkhole” in this case?  If it refers to 
cover collapse sinkholes within the soil, then the 50-foot buffer might not have much 
impact where atrazine moves directly downwards with recharge.  If sinkhole instead 
refers to the larger closed depressions that make up much of the Pennyroyal Plateau, then 
in many places there is no location 50 feet from a sinkhole; the drainage divide where one 
sinkhole ends is where the next one begins.      
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GROUNDWATER TRACING IN THE WEST PENNYRILE KARST REGION 
 
Robert J. Blair, PG and Jessica E. Moore, GIT 
Kentucky Division of Water 
200 Fair Oaks Lane, Frankfort, KY  40601 
(502) 564-3410 
robert.blair@ky.gov 
 
 
The Kentucky Division of Water (DOW) has conducted extensive groundwater tracing in 
the western part of the Pennyrile Karst Region in western Kentucky. The study area is in 
the Lower Cumberland River Basin and includes the Claylick Creek, Eddy Creek, 
Skinframe Creek and Livingston Creek watersheds in portions of Caldwell, Crittenden, 
Lyon, Livingston and Trigg counties. 
 
Previous groundwater tracing in the study area, conducted by Ewers Water Consultants 
and DOW, was limited to three springs in and near Princeton (Caldwell Co.).  Numerous 
cave maps have been completed by various groups and have been compiled and 
published by the Western Kentucky Speleological Survey. Several regional and statewide 
hydrogeological assessments have also been conducted and published by the US 
Geological Survey for this area. These works span six decades, from the 1950s to the 
2000s, and provide a solid foundation for further study.   
 
Several of the previous researchers developed groundwater flow hypotheses that had not 
been verified through dye tracing, which date as far back as 1962. Some of the recent 
tracer tests have verified these hypotheses, whereas other tracer tests are at odds with the 
previously proposed subsurface connections.  Tracer results indicate an interesting 
relationship between groundwater flow and regional fault systems. Local hydrology is 
further complicated by several of the spring drainage systems that deviate from surface 
watersheds. To date, nearly 40 dye injection sites have been connected to more than 30 
springs, caves and karst windows.   
 
While minor dye tracing continues, efforts have turned to groundwater monitoring.  This 
project, funded in part by a Clean Water Act Section 319(h) grant, will integrate surface 
water assessment protocols and the water quality standards found in 401 KAR 10:031. 
The goal is to provide a comprehensive assessment of groundwater quality and karst 
groundwater basin delineation for the area. As in previous DOW studies, this integrated 
approach is an attempt to better define the relationship between groundwater and surface 
water systems in karst areas. 
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FLOWING ONWARD: MAPPING NEW PROGRAM DIRECTIONS  
FOR THE KENTUCKY GEOLOGICAL SURVEY'S WATER RESOURCES SECTION 
 
Charles J. Taylor 
Kentucky Geological Survey 
504 Rose Street 
University of Kentucky 
Lexington, KY 40506-0107 
859-323-0523 
charles.taylor@uky.edu 
 
In the spring of 2012, Dr. Jim Dinger retired as head of the Water Resources Section 
(WRS) of the KGS after 31 years of service. During that interval, the WRS underwent 
dramatic changes and growth in the areas of hydrogeologic data collection, analysis, 
storage, and reporting to help meet the needs of Kentuckians with regard to this vital 
resource—groundwater. One important accomplishment during this period was the 
construction and implementation of the state’s official Groundwater Data Repository, a 
unique web-based groundwater information resource that serves the varied needs of 
government, scientists and environmental consultants, water well drillers, educators, and 
the general public. Working in collaboration with other state and federal partners, the 
WRS conducted a variety of other projects designed to better characterize groundwater 
availability and quality, map karst flow systems, assist public and private efforts to 
develop and properly manage groundwater resources, and enhance groundwater data 
accessibility.  
 
Currently, the WRS is in the process of planning and implementing new program 
directions in order to continue to move forward with meeting present and future needs of 
Kentucky with regard to water resources. New investigative projects are anticipated in 
the areas of water availability and sustainability, water quality and emerging 
contaminants assessment, and watershed hydrology. In the state’s extensive karst terrains, 
groundwater and surface water are highly interconnected and constitute a single dynamic 
system; therefore a greater emphasis will be placed on characterizing groundwater-
surface water interaction. Greater attention will also be given to the collection and 
reporting of groundwater-level data, and to the establishment of a long-term observation 
well network.   
 
Since the Capilouto administration began at UK in May of 2011, the role of KGS has 
become increasingly more integrated into the land grant mission of the University, 
especially with regard to improving people’s lives through excellence in research. More 
direct communication and collaboration is now underway between the WRS and UK 
faculty and students involved in water resources research and education. Collectively, 
these new collaborative efforts and program directions are intended to advance the 
science and public service missions of both the KGS and WRS, and provide longstanding 
benefits to proper development, management, and protection of the Commonwealth’s 
water resources.     
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THE PRESENCE OF 17-β ESTRADIOL AND FLUOROQUINOLONES IN 
KENTUCKY’S SURFACE WATERS 
 
E. Glynn Beck, University of Kentucky, Kentucky Geological Survey, 
Western Kentucky Office, 1401 Corporate Court, Henderson, KY 42420; 
270-827-3414 ext. 23; ebeck@uky.edu 
 
Robert DeJaco, University of Kentucky, 
Department of Chemical and Materials Engineering, Lexington, KY 40506 
 
Steve Webb, University of Kentucky, Kentucky Geological Survey, 
Lexington, KY 40506 
 
Alex Fogle, University of Kentucky, Department of Biosystems 
 and AgriculturalEngineering, Lexington, KY 40506 
 
David Williams, University of Kentucky, Kentucky Geological Survey,  
Western Kentucky Office, Henderson, KY 42420 
 
Maifan Silitonga, Kentucky State University, College of Agriculture,  
Food Science and Sustainable Systems, Frankfort, KY 40601 
 
Brad Lee, University of Kentucky, Department of Plant and Soil Sciences, 
Lexington, KY 40506 
 
 
Over the past decade, surface water sampling conducted by the U.S. Geological 
Survey (USGS) and others (Hedgespeth and others, 2012) has shown the presence of 
pharmaceuticals and personal care products (PPCPs) in the environment.  In 1999 and 
2000, the USGS sampled 139 streams in 30 states for 95 pharmaceutical and personal 
care product chemicals.  One or more of the chemicals analyzed were found in 80 percent 
of the streams sampled (Barnes and others, 2002; Buxton and Kolpin, 2002; Kolpin and 
others, 2002a; Kolpin and others, 2002b).  In 2008, the USGS, in cooperation with the 
Kentucky Division of Water, sampled 9 selected watersheds for PPCPs.  Surface water 
samples analyzed from 7 of the 9 watersheds contained 1 or more pharmaceuticals and 
antibiotics (Angie Crain, USGS Kentucky Water Science Center, personal 
communication).   
 
In an effort to further increase our knowledge of the presence of PPCPs in 
Kentucky’s surface waters, six watersheds were sampled in June and July of 2012 (round 
1) for 17-β Estradiol (steroid hormone) and Fluoroquinolones (antimicrobials). Fifty six 
grab samples were collected from the Bayou de Chein, Clarks River, Floyds Fork, South 
Elkhorn Creek, Banklick Creek, and Licking River watersheds. Five of the six 
watersheds are designated as priority watersheds by the Kentucky Division of Water. 
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Of the 56 surface water samples collected, 15 (27 percent) contained 17-β 
Estradiol at a concentration greater than the method detection limit of 3.0 parts per 
trillion, whereas only 5 samples (9 percent) contained Fluoroquinolones at a 
concentration greater than the method detection limit of 0.025 parts per billion. Five 
samples containing 17-β Estradiol and 4 samples containing Fluoroquinolones were 
collected downstream, within 200 ft, of a known waste water treatment plant outfall. 
 
In order to obtain more statistically significant data, 20 sites within four of the 
original six watersheds were resampled four times during November and December of 
2012 (rounds 2-5). Two sampling sites were within the Bayou de Chein, four within the 
Clarks River, six within the Floyds Fork, and eight within the South Elkhorn Creek 
watersheds. 
 
17-β Estradiol and Fluoroquinolones concentrations for sampling rounds 2 
through 5 ranged from < 3.0 to 14.0 parts per trillion and < 0.025 to 0.456 parts per 
billion, respectively. The highest concentrations of both chemicals occurred at sampling 
sites downstream of waste water treatment plant outfalls. Currently, analytical data for 
rounds 1 through 5 are being analyzed statistically. Statistical results will be presented at 
the Symposium. 
  
 Funding was provided in part by the USDA-NIFA Southern Region Water 
Program and the Kentucky Water Resources Research Institute Student Enhancement 
Grant (USGS 104B Program). 
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 MAPPING KARST SINKHOLES USING LIDAR – A PILOT STUDY IN FLOYDS 
FORK WATERSHED, CENTRAL KENTUCKY 
Patrick Taylor, Junfeng Zhu, Matthew Crawford, James Currens 
Kentucky Geological Survey 
University of Kentucky  
504 Rose Street, 228 MMRB  
Lexington, KY 40506-0107 
(859) 323-0530 
patrick.taylor55@uky.edu; junfeng.zhu@uky.edu;  
mcrawford@uky.edu; currens@email.uky.edu 
 
Sinkholes are naturally occurring depressions in karst terrains and 50% of Kentucky’s 
land surface has the potential for karst.  Sinkholes are an important hydrologic feature 
because they collect surface runoff and facilitate its drainage to subsurface conduits. In 
addition, potential flooding and subsidence related hazards created by sinkholes cause 
damages to property and civil structures.  Land-use and watershed planning should, 
therefore, include detailed mapping of sinkhole locations. The existing digital sinkhole 
coverage for Kentucky is based on low-resolution topography maps created more than 50 
years ago. LiDAR (Light Detecting and Ranging) is a new technique that rapidly and 
accurately measures micro-topographic features. Therefore, high resolution digital 
elevation models (DEMs) can be generated from LiDAR and used to map sinkholes in 
more detail with high accuracy. Bare-earth elevation data can also be extracted from 
LiDAR, which helps with identifying sinkholes in forests and in urban areas. 
The Floyds Fork watershed is located in north-central Kentucky and drains portions of 
Bullitt, Henry, Jefferson, Oldham, Shelby, and Spencer counties.  The watershed is 
currently impaired by a variety of contaminants, including nutrients, organic enrichment, 
dissolved oxygen, fecal coliform, sedimentation, and aquatic plants.  The U.S. 
Environmental Protection Agency is constructing a numerical water flow and quality 
model for calculating Total Maximum Daily Loads for nutrients in the watershed.  About 
90% of the watershed is underlain by carbonate rocks and 18% is classified as karst 
major area.  
To help provide additional  information about sinkholes in the Floyds Fork watershed and 
to test the feasibility of LiDAR in mapping sinkholes, we developed a sinkhole extraction 
procedure and selected the Bullitt County portion of the watershed as our first study area.  
The procedure consists of five steps: 1) creating DEMs from LiDAR point clouds, 2) 
extracting surface depression features from the DEMs, 3) inspecting the depression 
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features for probable sinkholes, 4) delineating drainage areas for the probable sinkholes, 
and 5) verifying the probable sinkholes in the field.  For the study area, we used LiDAR 
data collected in 2009 by the Louisville/Jefferson County Information Consortium. 
Besides LiDAR data, we also used 6-inch resolution aerial imagery from Kentucky 
Division of Geographic Information, Bing Maps, and Google Earth historical imagery in 
step 3.  In the study area, we have finished depression feature extraction and are working 
on inspecting these features for probable sinkholes and delineating the drainage areas.  
The next step is to examine the probable sinkholes in the field to assess the reliability of 
the LiDAR sinkhole identification method. We will use the reliability assessment to 
improve the method. And, if the method proves reliable, one long-term goal is to produce 
a high-resolution digital map of sinkholes in all karst areas in Kentucky where LiDAR 
data are available. 
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CHANGES IN THE KENTUCKY GROUNDWATER 
DATA REPOSITORY SEARCH ENGINES 
 
Bart Davidson 
Kentucky Geological Survey 
504 Rose Street 
University of Kentucky 
Lexington, KY 40506-0107 
859-323-0524 
bdavidson@uky.edu 
 
Recent changes made to the Kentucky Groundwater Data Repository (KGDR) Web 
pages enhance ease of use, search options, and data accessibility. Online water well, 
spring, and groundwater-quality data searches are now integrated with digital 
geologic mapping services, and include access to more analytical parameters than 
were previously available. This presentation will review the online process of 
searching for Kentucky groundwater data, options for displaying data on various base 
maps including digital geology, shaded-relief topographic maps, and aerial 
photography, and options for downloading data reports.   
The KGDR, initiated in 1990 by the Kentucky Geological Survey (KGS) under 
mandate from the Kentucky legislature (KRS 151:035), was established to compile, 
store, and disseminate groundwater data collected throughout the Commonwealth by 
state and federal agencies, environmental consultants, private industry, and 
universities or independent researchers. The KGDR Web site is located at 
kgs.uky.edu/kgsweb/DataSearching/watersearch.asp. Users can search for and 
retrieve (1) water well and spring records, (2) groundwater-quality data, and (3) other 
water information, including karst potential index maps and surface water-quality 
data provided through a partnership between KGS and KY Watershed Watch. The 
KGDR database currently contains information for over 92,000 water wells, 5,100 
springs, and 58,000 suites of water-quality analyses (millions of individual analyte 
results).   
In 2010, KGS reformatted the Repository database structure to parallel that of the 
Kentucky Division of Water’s (DOW) database, thereby making future data uploads 
virtually seamless to the end-user with no disruption of service. DOW continues to be 
the largest Repository data contributor. Because of this data framework change, users 
will notice several differences from the old search engines. Analyte categories have 
increased from 5 to 14. Also, users must now select either laboratory-derived or field-
derived data prior to running a search. Search results can be limited by selecting the 
regulatory program under which data were collected (if applicable), or by a user-
defined range of sampling dates.  
Users are encouraged to submit any suggestions, questions, or concerns regarding the 
KGDR to the Survey via the contact information listed above.  
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GROUNDWATER DISCHARGE 
 AT THE KENTUCKY HORSE PARK KWIS STATION 
 
James C. Currens, M.S., Kentucky Geological Survey 
University of Kentucky, 228 MMRB, Lexington, 40506  
859-323-0526 
currens@uky.edu 
Mike Farwell, Undergraduate, UK 
  
The KWIS (Karst Water Instrumentation System) site is located at the Kentucky Horse 
Park in the Royal Spring springshed. The springshed has a drainage area of ~6,070 ha 
and extends to the east-central part of Lexington. The KWIS is situated at a critical 
location in the springshed because the surface and underground flow diverge at this point. 
The discharge in the central conduit monitored by 16 cm diameter drilled holes at a depth 
of 18 meters drilled in July of 2010. Although discharge data are essential to monitoring 
the flux of contaminants, the cross section of the cave, the velocity distribution, and the 
discharge are difficult to determine directly. We imaged the cave with a submersible 
borehole video camera that was modified to tilt to horizontal. The cave height was 
obtained by direct measurement but the distance to the walls was difficult to measure 
because the lighting was inadequate. In 2012 we obtained a submersible LED, 12-volt, 
marine navigation light which as significantly brighter and enabled us to not only see the 
walls but from Well 20 we could make out the casing through the cave in Well 23, 3 
meters away.  Doppler sonar observations to both delineate the walls and measure the 
velocity were not initially successful but we have had some recent success. Because of 
the uncertainty of the video and sonar we decided to conduct the dye tracing to determine 
the velocity and the discharge at the KWIS. Seven quantitative groundwater tracer 
experiments have been conducted at the KWIS as of December 2012 (Table 1).  
Table 1: Results of quantitative traces at the Kentucky Horse Park (Eclipse Karst Window to KYHP 
KWIS.) 
No. Date Time 
Stage 
Well 
24, m 
above 
800 ft. 
MMcB* 
Velocity 
m/sec 
Q-dye 
m3/sec 
Velocity
dye, 
m/sec 
Cross-section 
Q-dye/V-
dye, m2 
Cross-section 
Area,  
Q Dye/V 
MMcB m2. 
1 7/7/11 13:00 0.60 0.06 0.07 0.04 1.8 1.17 
2 11/15/11 13:00 0.98 0.06 0.3 0.06 5.0 5.00 
3 11/28/11 14:00 8.51 0.29 NA 0.26 NA NA 
4 12/6/2011 6.58 0.32 1.82 0.07 26.0 5.69 
5 3/1/2012 12:00 3.97 0.26 1.72 0.07 24.6 6.62 
6 10/2/2012 15:00 2.47 0.08 NA NA NA 5.07 
7 12/10/12 11:53 4.2 0.35 1.04 0.08 7.92 2.96 
 Mean cross-section      5.07 
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The dye tracers are injected in the small 
karst window at the junction of Walt 
Robinson Road and Eclipse Road. The 
hydrologic system consists of the karst 
widow, a tributary from it to the main stem 
of the cave, a short section (less than 600 
meters) of the main stem, and the tracer 
recovery point at the KWIS. The mass of 
tracer (Rhodamine WT) is chosen to 
minimize visibility at Royal Spring. The 
Rhodamine WT tracer is diluted in 120 liters 
of water so that the dye injection can be kept 
constant and extended over 1 ½ hours. The 
maximum rate of the pump is measured 
prior to beginning injection and the pump 
runs continuously until the diluted dye is 
exhausted. Although the concentration of 
tracer in the tub has been calculated, sampling the dye and measuring the injection rate a 
second injection flux can be measured. Samples are collected on 10-minute intervals at 
the KWIS site beginning two hours after the injection is started. The bottles are replaced 
at four hours during low flow, but all of the dye clears the station within four hours under 
higher flow conditions. At the mid-point a grab sample of the tracer is collected and a 
spike of fluorescein is injected. The fluorescein spike is used to measure the travel time 
of the dye.  The velocity by dye travel time (Table 1) is significantly different from the 
Marsh McBirney velocity for some experiments due to back flooding conditions. 
A stage/discharge rating curve is being constructed from the results of the quantitative 
tracer experiments. Two traces had been conducted with USGS support (Table 1, line 6 
and 7). Drought beginning in the spring of 2012 made it impossible to obtain the flow 
conditions needed to complete the stage-discharge rating curve (Fig. 1). The values 
needed are in the mid-range of the graph, between 0.5 and 1.5 cubic meters a second. 
When a sufficient number of experiments have been conducted, the paired stage data and 
discharge from dye dilution will allow us to create a rating curve and derive the equation 
of the line regression. The rating equation is then used to convert the continuous stage 
data to continuous discharge.  
Unfortunately the Marsh-McBirney point velocity record is frequently interrupted for 
long time periods and has a much noisier signal than the stage record. We are in the 
process of determining the relationship of the Marsh-McBirney point velocity to the 
mean velocity by evaluating simultaneously collected Dopplar sonar velocity data. The 
discharge calculated from the dye trace determined cross-section and the adjusted Marsh-
McBirney point velocity can then be paired with the stage data to make a stage/discharge 
rating curve. This would be very useful in that the stage data is stable and complete and 
the line of regression and rating equation would be very robust because of thousands of 
data pairs to correlate. 
Figure 1 Stage/discharge rating curve for the 
Kentucky Horse Park monitoring station. 
19 
 
ENGAGING PARTNERS IN THE CANE RUN WATERSHED 
 
Carol Hanley, Carmen Agouridis, Amanda Gumbert 
Environmental and Natural Resources Initiative, College of Agriculture 
200 E Kentucky Tobacco Research & Development Center 
1401 University Drive, Lexington, KY 40546-0236 
859-257-3780 
chanley@uky.edu 
 
The Cane Run Watershed (CRW) project management team, composed of the University 
of Kentucky, College of Agriculture, Environmental and Natural Resources Initiative, 
and the Department of Biosystems and Agricultural Engineering staff, is involved in an 
innovative, comprehensive program that engages K-12 students and teachers and citizens 
within the watershed and is designed to increase understanding of water quality issues 
and promote urban stream restoration. The two goals of the project, one for each major 
audience, include the following: 
 
Goal 1: Engage K-12 and community partners in an urban watershed, the Cane Run 
Watershed, in an innovative education project to improve water quality in the watershed 
 
Goal 2: Engage all citizens within the watershed in the urban-stream restoration project. 
 
The K-12 portion of the program involves the formation of partnerships between 
community groups and three schools to develop a geographic education tool – a map of 
Cane Run Environment & Watershed. The map uses a GIS platform and is accessible 
from an Internet portal at UK.  When completed, the map will include water quality data, 
demographics, geographic information, photos and video intended to illustrate the 
environmental health of the watershed.  In the process of making the map, students will 
interact with environmental science professionals to learn about career opportunities and 
the technical knowledge required for these professions. In addition to creating the map, 
students will make presentations at community and local government events to 
demonstrate their learning.   
 
A second component of the program involves an upcoming urban stream restoration 
project. The restoration project involves a section of the Cane Run Creek located in a 
city-owned park adjacent to a newly built 12-mile streamside walking/biking path;  the 
project location presents a unique opportunity for citizens to become involved in 
watershed issues. The UK management team will not only educate citizens regarding this 
restoration project but will also  create opportunities for community input (including 
students, teachers, and their newly-developed map) into the planning process.   
 
Participants who attend this session will learn about the planned education and 
community activities and progress to date.  Students involved in the program will be 
invited to the Symposium to present their findings and talk about their maps. 
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WATER QUALITY MONITORING RESULTS FROM THE MCCONNELL SPRINGS 
STORMWATER QUALITY WETLAND POND AND GAINESWAY POND 
RETROFIT PROJECT 
 
David J. Price, Ph.D. and Susan L. Plueger, P.E. 
Lexington-Fayette County Government, Division of Water Quality 
301 Lisle Industrial Avenue, Lexington, KY 40511 
(859) 425-2415    
dprice@lexingtonky.gov 
 
In December 2009 the Lexington-Fayette Urban County Government (LFUCG) 
completed construction of the McConnell Springs Stormwater Quality Wetland Pond. 
The facility is composed of a pre-treatment gross debris trap, three-cell settling forebays, 
0.2 acre deep-pool pond, and 0.5 acre shallow marsh/littoral shelf area. The purposes of 
this facility were to reduce non-point source pollution entering McConnell Springs and 
neighboring impaired streams Wolf Run, Town Branch, and South Elkhorn Creek; and as 
a public demonstration of the benefits that natural environments provide to water quality 
and quantity control. In Spring 2009, LFUCG remediated Gainesway Pond at Centre 
Parkway. The renovations were part of the Gainesway Retention Basin Water Quality 
and Environmental Education Project. The goal of this project was to retrofit the existing 
Gainesway Pond to increase pollutant removal through addition of constructed wetlands, 
aquatic plantings, an aerator, and upstream biofiltration and gross debris traps. The 
Gainesway project also provides the community with environmental educational 
opportunities. Both of these projects were funded in part through a §319(h) grant 
provided by the U.S. Environmental Protection Agency and administered by the 
Kentucky Division of Water. 
 To determine the on-going effectiveness of pollutant reduction by the two 
stormwater projects, LFUCG Division of Water Quality collected water samples in 2010-
2012, with emphasis on runoff samples during storm events. At McConnell Springs, the 
Friends of Wolf Run Inc. provided training to community volunteers who assisted with 
some sample collections. Five sampling sites were identified at McConnell Springs, sites 
M1-M3 were located in the pre-treatment and forebay cells and sites M4-M5 were 
located in the main pond. Five sampling sites were also identified for Gainesway Pond: 
upstream, mid-stream, wetland area, Pond A, and Pond B (i.e., GP1-GP5). A total of 18 
sampling events were conducted at McConnell Springs and 12 sampling events at 
Gainesway Pond in 2010-2012. On-site measurements included: temperature, pH, ORP, 
dissolved oxygen (DO), conductivity, and total dissolved solids (TDS). Additional 
analysis included: alkalinity, hardness, carbonaceous biological oxygen demand 
(CBOD5), total suspended solids (TSS), total ammonia, nitrate, nitrite, total phosphorus, 
orthophosphates, and bacterial enumeration (fecal coliforms, E. coli, and total coliforms). 
Analysis of metals in water samples from McConnell Springs were performed in 2010 by 
the Kentucky Geological Survey (KGS) Laboratory. Additional metal sampling is 
scheduled for February 2013. 
Overall pH values at the McConnell Springs stormwater structure remained 
constant from 2010 to 2012. No distinct trends in DO concentrations were observed in 
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2010, with DO levels ranging from 3.03 to 8.4 mg/L. In 2011-2012, DO levels increased 
through the system, with sites M4-M5 having the highest DO. Total alkalinity remained 
constant with average values of 72, 69, and 78 mg/L for 2010, 2011, and 2012, 
respectively. Hardness was elevated in 2010 (343 mg/L), but average concentrations 
decreased in 2011 (77 mg/L) and 2012 (74 mg/L) as the system became established. For 
2010 collections, TSS concentrations at sites M1-M3 averaged 29 mg/L, whereas sites 
M4-M5 averaged 12 mg/L, indicating an initial settling of suspended solids. Reductions 
of TSS in the system were more evident in 2011-2012. Overall ammonia levels in 2010 
decreased at sites M4-M5, except for an increase in 8/27/10, attributed to low-flow 
conditions. As with TSS, ammonia reductions were more evident in 2011-2012. Similar 
reductions were found for nitrate and nitrite. Concentrations of total phosphorous and 
orthophosphate decreased through the system from 2010 to 2012. Average total 
phosphorous concentrations were lower with time, however, elevated orthophosphate 
levels were observed in October and December 2012. Overall reduction in bacterial 
counts were observed from 2010 to 2012. Fecal coliform geometric means for 2010, 2011 
and 2012 were 34330, 4911, and 350 MPN/100 mL, respectively. Whereas, geometric 
means for E. coli were 1014, 755, and 590 MPN/100 mL. Of the 30 metals tested in 
2010, only the concentrations of aluminum, copper, iron, nickel, sulfur and zinc 
decreased through the stormwater facility.  
At the Gainesway Pond stormwater structure the overall pH levels remained fairly 
constant. DO levels in 2010 were elevated during high-flow conditions (4/2/10 and 
12/2/10), but decreased in the summer. In 2011 and 2012, lowest DO levels were 
observed at the wetland site (GP3), but increased in the downstream ponds (GP4-5) in 
part due to a new aeration fountain installed in the pond. Total alkalinity and hardness 
concentrations were fairly constant in 2010 through 2012. Average alkalinity values were 
191, 207, and 150 mg/L and average hardness values were 265, 237, and 239 mg/L for 
2010, 2011, and 2012, respectively. TSS values from 2010 were initially lower in the 
ponds, but the levels increased in subsequent collections (12/2/10; GP1= 2 mg/L, GP4= 8 
mg/L). This trend was more evident in 2011 and 2012, with highest TSS values at the 
ponds (GP4-5). Average ammonia concentrations did not vary in 2010-2012. However, 
decreasing levels of nitrate and nitrite were observed from 2010 through 2012. Total 
phosphorous and orthophosphates increased in spring-summer 2011, but remained 
somewhat constant during fall-winter. There were slight decreases in total phosphorous 
and orthophosphate concentrations from 2010 to 2012. In general, bacterial counts were 
generally highest at upstream sites and decreasing in the ponds. A reduction in fecal 
coliform counts was observed with time. E. coli geometric means were 763, 589, and 500 
MPN/100 mL for 2010, 2011 and 2012, respectively. 
Based on three year monitoring data, the structures are performing as expected. 
More consistent results are being obtained as the systems become established. Reductions 
of several pollutants were observed at both systems. Of interest were the reductions in 
bacterial counts over time. These reductions aid in decreasing urban stormwater impacts 
on neighboring streams. As part of their management, LFUCG will continue to monitor 
water quality regularly. In particular, close monitoring of ammonia, total phosphorous 
and bacterial counts which can have detrimental impacts to the facilities and receiving 
waters. 
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128 C.E. Barnhart Building 
University of Kentucky 
Lexington, KY 40546-0276 
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Urbanization increases the volume of stormwater generated through the addition of 
impervious surfaces such as parking lots, rooftops, and paved surfaces.  Such increases in 
imperviousness have led to reduced levels of infiltration, and subsequently increases in 
peak flows coupled with reductions in groundwater recharge, as runoff is quickly directed 
to the storm sewer system.  Traditional stormwater management practices have focused 
on capturing, detaining, and releasing stormwater flows through structures such as 
detention ponds.  While these traditional stormwater management structures help reduce 
peak flows, they have little impact on runoff volumes and often cause increased 
streambank erosion problems downstream.  Under the new U.S. Environmental 
Protection Agency (USEPA) performance guidance, the focus is shifting to management 
strategies that utilize infiltration and evapotranspiration.  Low impact development (LID) 
is one such stormwater management method.  LID structural controls seek to imitate pre-
development hydrologic conditions, as much as possible, by focusing on stormwater 
containment near the source. 
Rain gardens, which are structures that use a conditioned planting bed and landscaping in 
a shallow depression, are one type of LID structural control that promotes stormwater 
runoff infiltration and evapotranspiration.  However, minimal research has been done to 
characterize the hydrologic performance of rain gardens.  Of the few studies done, results 
indicate that rain gardens are an effective way of infiltrating runoff.  However, these 
studies are not truly representative of real-world conditions as water from the rain 
gardens was not allowed to infiltrate into the groundwater but was captured by an 
underground impermeable layer for purposes of volumetric water-mass balance 
computations.  Furthermore, these rain gardens were planted largely with flowers and/or 
grasses and trees and shrubs.  It is expected that the deep and extensive rooting systems 
of trees and shrub will further promote infiltration even as rain gardens age and the 
potential for clogging increases. 
 
24 
 
What is lacking in rain garden design, and LID design in general, is a feedback 
mechanism whereby implemented rain gardens are monitored to help assess whether or 
not the design guidelines used are the most appropriate or if modifications are needed.    
Such a feedback mechanism is particularly important as the USEPA and more and more 
municipalities encourage commercial and residential entities to embrace rain gardens.  
The Lexington-Fayette Urban County Government (LFUCG), for example, has funded a 
number of rain garden projects as part of their Stormwater Quality Projects Incentive 
Grant Program.   
The primary objective of this study is to evaluate the effectiveness of a tree- and shrub-
vegetated rain garden at infiltrating stormwater.  The secondary objectives are to measure 
the vertical flux of infiltrated stormwater, calculate the potential evapotranspiration, and 
compare the results from this study to other types of rain gardens. 
Methods 
In September 2011, Coca-Cola Enterprises constructed a tree- and shrub-vegetated rain 
garden at their Leestown Road bottling facility in Fayette County, Kentucky.  The rain 
garden has a surface area of approximately 9,500 ft2.  Runoff from the facility’s roof and 
parking lot is routed into the rain garden through two inlet pipes.  A 1,000 gallon 
infiltration chamber is installed at the down-gradient edge of the rain garden because the 
hydrologic performance of rain gardens in Fayette County is not well known.  A 12 inch 
overflow pipe carries water, when it reaches a defined elevation in the rain garden, into 
the infiltration chamber.  If the infiltration chamber fills, the rain garden can continue to 
fill before overtopping.  As designed, it is expected that water in the rain garden will 
completely infiltrate within 48 hours (i.e. no surface water will be present). 
Data collection commenced in March 2012 and is expected to continue through March 
2013.  These data will be used to construct a water budget for the rain garden.  Rainfall 
data are collected using a tipping bucket rain gauge.  Data loggers continuously record 
stormwater inflow and outflow, if outflow occurs, as well as water depth in the rain 
garden.  Soil moisture is continually measured at depths from 0 to 4 ft below the soil 
surface.  Weather data from the University of Kentucky Agricultural Weather Center is 
being used to compute reference evapotranspiration rates using the Penman-Monteith 
equation.  Infiltration rates are being modeled using the Green-Ampt equation.   
This project is the first of its kind to evaluate the hydrologic performance of a rain garden 
constructed in central Kentucky.  The results from this project will aide in the 
development of design recommendations for rain gardens in central Kentucky. 
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WATERSHED BASED PLANNING IN THE URBAN WOLF RUN WATERSHED 
 
Steven Evans, Third Rock Consultants, LLC. 
2526 Regency Road, Lexington, KY, 40503 
859-977-2000 
sevans@thirdrockconsultants.com 
 
The objective of this presentation is to present a case study of the development of a 
watershed based plan in an urban environment.  In August 2010, the Lexington-Fayette 
Urban County Government (LFUCG) contracted with Third Rock Consultants and 
Friends of Wolf Run, to complete a watershed plan for Wolf Run Creek.  The project was 
funded through a U.S. Environmental Protection Agency 319(h) grant awarded by the 
Kentucky Division of Water (KDOW) to LFUCG. 
 
The Wolf Run Watershed is Lexington’s most highly urbanized watershed with about 
40% of the surface covered with impervious material.  The 13.5 miles of perennial 
streams and tributaries in the watershed drain an area of 10.18 square miles.  The 
watershed has significant karst development including Preston’s Cave, McConnell 
Springs, and Kenton Blue Hole among other features which complicates the hydrology 
by redirecting groundwater from the adjacent basins. Wolf Run Creek is listed as 
impaired on the 303(d) list for nonsupport of primary and secondary contact recreation 
and partial support of warmwater aquatic habitat with cause including fecal coliform, 
nutrient / eutrophication biological indicators, and specific conductance from a number of 
suspected sources.  The goal of the watershed plan was to identify the sources of 
pollution and the remediation efforts necessary to return the stream to its designated uses. 
 
The Wolf Run Watershed Council was formed in December 2010 to receive input from 
the community on citizen desired goals and objectives for the watershed, to provide local 
knowledge on specific issues within the watershed, and to provide review and feedback 
on the plan progress.   
 
All available data was compiled and reviewed to evaluate the additional data necessary to 
complete the plan.  A plan was developed in April 2011 and executed from May 2011 to 
May 2012.  Tasks included gathering data on the macroinvertebrate community, stream 
habitat, hydrogeomorphology, hydrology, and chemical water quality.  The data was 
collected through a successful cooperative effort between of Friends of Wolf Run 
volunteers and Third Rock biologists and engineers.   
 
The monitoring indicated that the aquatic macroinvertebrate community ranged from 
“poor” to “very poor” according to macroinvertebrate biotic index scores assessed at 
seven sites due to extremely low numbers of absence of mayflies, stoneflies, and 
caddisflies.  The habitat, assessed at 33 reaches according to the Rapid Bioassessment, 
ranged from 50 to 153, but with only 2 of the 33 reaches achieving a “fair” narrative 
criteria and all others “poor.” Contributing factors to the poor scores included narrow 
riparian zone width, lack of pools and available cobble habitat, embeddedness, and poor 
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base flow levels.   Hydrogeomorphic assessments, conducted at nine sites, indicated the 
streams are generally over-widened and entrenched with significant channel alteration, 
bank armoring and bedrock substrate on many reaches.  Sedimentation deposition and 
aggradation was noted downstream of Preston’s Cave.  Stage-discharge curves, 
developed for five locations in the watershed, indicate that streams were extremely flashy 
during storm events, but also sustain frequent and prolonged periods of dry or low flows.   
 
Water quality monitoring results, sampled at 12 locations over 10 months, indicate 
nitrogen, phosphorus, dissolved oxygen, ammonia, specific conductance, suspended 
solids, and E. coli each exceed benchmarks for one or more events.  Annual pollutant 
loads and reduction goals are calculated for nitrogen, phosphorus, suspended solids, and 
E. coli.  Wet weather contributions to the annual loading are the most significant for E. 
coli, phosphorus, and suspended solids but less significant for nitrogen.  Load reductions 
of over 90% are required to reach the regulatory levels for recreational use.  Significant 
load reductions in suspended solids and phosphorus are necessary in some subwatersheds 
and only slight load reductions in nitrogen are needed.   A watershed-wide specific 
conductance survey (373 measurements in 8 days) indicates the highest concentrations 
were in the headwaters of Wolf Run, Vaughn’s Branch, and the Big Elm Tributary.  
 
Based on these results, the Wolf Run Watershed Council devised general goals and 
objectives for the watershed, and recommended the types of Best Management Practices 
(BMPs) and locations for implementation.  An Outreach Campaign Subcommittee was 
organized to develop an education and outreach plan for the watershed and a Water 
Quality BMP Technical Subcommittee was organized to review the Council 
recommendations and develop an implementation strategy with prioritized projects. 
 
In January 2013, a comprehensive implementation plan was developed based on these 
efforts and presented for public comment.  The plan identifies 138 BMP project 
opportunities in the watershed, 61 high priority, 33 medium priority, and 44 low priority 
projects.  These implementation projects include 18 BMPs targeted to address the E. coli 
load and sanitary sewer, 14 education and outreach BMPs, 39 green infrastructure BMPs, 
16 trash and debris cleanup BMPs, a Neighborhood Association BMP Program, and 
several target locations for Streets and Roads BMPs.  Additional stream and habitat 
improvement opportunities include 3.5 miles of stream restoration, 5.6 miles of riparian 
buffer restoration, and approximately 850 feet of bank stabilization. Wetland creation or 
expansion is proposed for approximately 20 acres and enhancements are proposed at two 
springs.   
 
Implementation has been initiated or is planned for the near future on about 40 of these 
projects.  Next steps include implementation of other identified opportunities, ongoing 
monitoring of the water quality improvements and implementation status, and adapting 
the plan to address the changing needs of the watershed. 
 
 
 
27 
 
ESTIMATING LOAD REDUCTION COSTS FOR ASSESSING STORMWATER 
BEST MANAGEMENT PRACTICE (BMP) FEASIBILITY:  
A CASE STUDY OF JAMES LANE ALLEN ELEMENTARY 
 
Russ Turpin 
EcoGro 
PO Box 22273 Lexington, KY 40522 
(859) 231-0500 
Russ@EcoGro.net 
 
What is the most cost-effective way to improve your watershed? For many 
Kentuckians, this question may seem difficult to answer because of a lack of familiarity 
with stormwater Best Management Practices (BMPs). A challenge across our 
Commonwealth is how to select and implement the measures needed to restore the health 
and function of our watersheds. A variety of financial resources have been enacted 
statewide to assess stream conditions, to identify pollutants and support educational or 
community outreach programs. More intensive studies, such as Total Maximum Daily 
Loads (TMDLs), have been undertaken to establish a target for pollutant reductions. The 
next step is to attain our water quality goals, whether it is by fines, fees, credits or other 
incentives. One way or another, Kentuckians will be obligated to address the cost for 
clean water. Developing strategic plans with consideration for cost-effective BMPs 
selected to meet (or exceed) our water quality targets with limited funding can be an 
extraordinary endeavor, but not impossible. It can be done.  
 
 
From across the nation, research is emerging on the effectiveness and pollutant 
reduction capacities of stormwater quality BMPs.  Case studies from communities across 
the nation in the forefront of water quality (such as Portland, Seattle, Chesapeake Bay, 
etc.) offer insight and innovation in design, but do not always represent weather patterns, 
pollutant loads and applicability in Kentucky. Despite their growing popularity, many 
BMPs have not been in service long enough to develop a record of their operational lives 
and what long-term maintenance costs are to be anticipated. Developing installation cost 
estimates for of these measures may also be difficult to predict because unit rate costs 
will vary with the scale, size or quantities of the practice. A better understanding of 
BMPs operating in our region is desperately needed.   
 
 
The purpose of this presentation is to demonstrate how evaluating BMP life-cycle 
costs and estimated treatment capability can be used to appraise and prioritize the use of 
different practices. This presentation is based on a stormwater BMP feasibility study of 
James Lane Allen elementary school in Lexington, Kentucky. This study is funded by an 
LFUCG Stormwater Quality Projects Incentive Grant. Information from local projects 
was used to support realistic cost estimates. The first step was to generate a conceptual 
plan to identify potential BMP locations and designate drainage surfaces. Predicted 
annual pollutant loads from each drainage area and anticipated BMP pollutant treatment 
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capacities were used to calculate estimated load reductions from each drainage area. The 
second phase of this process was to develop a total life-cycle BMP cost based on 
estimated costs for design, construction/installation, maintenance and operation over a 
predicted service life. By coupling a prorated annual BMP cost with the estimated annual 
load reduction, an estimated load reduction cost was developed.  
 
 
The goal of this process was to identify which stormwater BMPs would have 
greater cost-effective potential at James Lane Allen elementary school. By developing 
estimated load reduction costs for each BMP we can re-evaluate and adjust the BMP 
conceptual plan to favor the use of more valuable BMPs. As a result of this feasibility 
study, demonstrating the treatment capabilities and life-cycle costs will foster better 
decisions for selecting and prioritizing the use of stormwater BMPs.  Having estimated 
load reduction costs could offer financial savings by identifying expensive practices that 
are assumed to be highly effective. Identifying measures with the greatest performance 
value will produce more efficient watershed strategies to meet water quality targets at a 
lower cost. 
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INDUCED LANDSCAPE MODIFICATIONS: THE COMMONWEALTH OF 
KENTUCKY 
 
Brian D. Lee1, Angela Schörgendorfer2, Corey L. Wilson1 
 
1Department of Landscape Architecture  
College of Agriculture 
University of Kentucky 
S305 Agriculture Science North 
1100 Nicholasville Road 
Lexington, Kentucky 40546-0091 
 
2T.J. Watson Research Center 
IBM 
1101 Kitchawan Road 
Yorktown Heights, New York 10598 
 
Effective watershed assessment processes are needed that classify watersheds by 
geomorphic and human modified landscape scale characteristics. This platform 
presentation continues and expands upon the 2008–2012 KWRRI Symposium 
presentations. The research continues exploring the opportunities and constraints of the 
descriptive categorization approach that has been a central work focus for several years. 
For this presentation, the sample size has been increased to over 9000 subwatersheds 
spanning 13 river basins and encompassing the entire Commonwealth of Kentucky. 
Using a semi-automated and iterative process through ModelBuilder of ArcGIS and 
publically available data from the Kentucky Geography Network, over 100 indicators are 
derived by Hydrologic Unit Code (HUC) 14 subwatersheds to describe characteristics. 
Indicators derived include proportion and spatial configuration measures of human 
geomorphic characteristics, imperviousness, and agriculture/forest cover characteristics 
as well as changes in topography and several land cover types over a five-year period.  
 
Drawing on over a million pieces of descriptive data allows for a plethora of 
analytical opportunities. For example, the subwatersheds can be visualized 
geographically with a color ramp by indicator independently or in combination. A 
quantitative matrix can be used to allow for subwatershed comparison, ranking, and/or 
prioritization. This enables the data to be used for a variety of purposes by hydrologists, 
environmental scientists, planners, policy makers, and interested stakeholders. This 
presentation will focus on the recent categorization effort. A Ward’s Minimum Variance 
Cluster Analysis approach based on 12 geomorphic and human influenced variables was 
utilized to identify 13 subwatershed types. These data and the statistical clustering 
approach are presented in a way to give a different subwatershed perspective for the 
Commonwealth. The research intent is for a better understanding of scenario 
development options as well as management opportunities and constraints. 
 
Acknowledgement: This material is based upon work supported by the 
Cooperative State Research, Education and Extension Service, U.S. Department of 
Agriculture, under Agreement No. 2008-34628-19532.  Any opinions, findings, 
conclusions, or recommendations expressed in this publication are those of the author(s) 
and do not necessarily reflect the view of the U. S. Department of Agriculture.  
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IMPERVIOUSNESS AND GREENNESS: EXTRACTING WATERSHED METRICS 
FROM BI-TEMPORAL, MULTISPECTRAL AERIAL IMAGERY AND LiDAR 
 
Demetrio P. Zourarakis  
 Ph.D., Remote Sensing/GIS Analyst - Kentucky Division of Geographic Information 
Commonwealth Office of Technology 
100 Fair Oaks Ln.  
Frankfort, KY 40601 
502-564-6246 
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Imperviousness and the extent and type of vegetative cover are two watershed indicators 
of relevance in determining potential impact of human activities on water quality and 
quantity. The intricate geography of the Commonwealth, the patterns of land ownership 
and the dynamic nature of these two variables make it difficult for their monitoring to be 
carried out by frequent and sampling-intensive ground visits.  Remotely sensed data, 
from either passive sensors (i.e. aerial digital mapping cameras), or active sensors (i.e. 
LiDAR), are becoming commonplace for Kentucky, and the data generated are becoming 
sophisticated enough to allow for the extraction of geospatial information with increasing 
ease. A mixed-use watershed in Northern Kentucky – Allen Fork, was used to explore the 
utility of several analytical approaches (Kentucky Division of Water, 2010). High 
accuracy LiDAR elevation and intensity data, and 4-band, 0.3048 m resolution digital 
aerial orthophotography were acquired in a near-synchronous fashion in the spring of 
2012 from the Kentucky Aerial Photography and Elevation Program (KYAPED, 2012). 
Four-band, 1-m spatial resolution 2012 images were acquired in the summer of the same 
year as part of the National Agricultural Imagery Program (NAIP) (Kentucky Geoportal, 
2012). The preprocessing workflow included the following main operations. 
QCoherent™ LP360™ v.2012.1.22 and Esri® ArcGIS® Desktop v.10.1 SP1 were used 
to process LiDAR point clouds and generate a digital elevation model, a normalized 
digital surface model, and first and ground return intensity images. The 2012 NAIP 
image was co-registered to the 2012 KYAPED dataset using the Autosync® module of 
ERDAS IMAGINE® v.2013.  Three different techniques – two pixel-based, and one 
object-based, were explored with the purpose of extracting impervious surfaces and 
different vegetative land cover types (e.g. forested, non-forested) [Figures 1(a), 1(b) and 
1(c)]. First, the LiDAR derivative data layers were stacked with the imagery bands, and 
run through Principal Components Analysis (PCA) and later unsupervised classification 
using the ISODATA algorithm. Secondly, a Normalized Difference Vegetation Index 
(NDVI) was calculated for both aerial digital images (Lillesand et al., 2008); class break 
values were manipulated in order to extract forested vegetation. Thirdly, the Objective® 
module of ERDAS IMAGINE® v.2013 was used to perform object-based image analysis 
and feature extraction on the NAIP, KYAPED images. The thematic mapping accuracy 
of the different methods was assessed by applying a Kappa analysis (Plourde and 
Congalton, 2003).   
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Recent drought trends across the United States have heightened interests in finding 
efficient means to rapidly assess and map soil moisture.  It is important to assess soil 
moisture to develop strategies to better manage its availability and use. At the landscape 
scale, soil moisture distribution derives from an integration of hydrologic, pedologic and 
geomorphic processes that cause soil moisture variability (SMV) to be time, space, and 
scale-dependent.  Traditional methods to assess SMV at this scale are often costly, labor 
intensive, and invasive, which can lead to inadequate sampling density and spatial 
coverage.  Fusing traditional sampling techniques with georeferenced proximal sensing 
provides an alternative approach.   Georeferenced proximal sensing (e.g. such as 
geoelectric sensing and LiDAR) acquires rapid, real-time, reiterative, non-invasive, high 
resolution data over large spatial extents that is enriched with spatial, temporal and scale-
dependent information.  Because geoelectric and LiDAR measurements are sensitive to 
soil properties and terrain features that affect soil moisture variation, they are often 
employed as auxiliary measures to support less dense direct sampling.   The onset of 
fusing direct and auxiliary measures requires finding techniques to effectively process 
this information.   
 
Multicollocated factorial cokriging is one technique of multivariate geostatistics to fuse 
multiple data sources collected at different sampling scales to study the spatial 
characteristics of environmental properties.  With multivariate geostatistics sparse 
observations of the primary soil attributes can be complemented by secondary attributes 
that are more densely sampled. Incorporating secondary information can lead to a more 
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consistent description of the property under study. Factorial cokriging is a geostatistical 
method developed by Matheron (1982) and the underlying theory has been described in 
many papers (Castrignano` et al. 2000) and books (Wackernagel 2003). The approach 
consists of decomposing the set of original second-order random stationary variables into 
the sets of reciprocally orthogonal regionalized factors, one for each spatial scale used in 
fitting the nested linear model of coregionalisation (LMC) (i.e. a linear combination of 
basic variogram functions).  Multicollocated factorial cokriging is a simplified version of 
the standard approach when the auxiliary variable is known at all nodes of the 
interpolation grid. 
 
This study uses multicollocated factorial cokriging analysis to determine the spatial 
scale(s) in which soil properties and terrain attributes affect SMV.  Variables for this 
study were established using high resolution geoelectric and LiDAR data as auxiliary 
measures to support direct soil sampling (n=127) over a 40 hectare Central Kentucky 
karst landscape.   Shallow and deep apparent electrical resistivity (ERa) were measured 
using a Veris 3100 in tandem with soil moisture sampling on three separate dates with 
ascending soil moisture contents.  Terrain features were produced from 2010 LiDAR 
returns collected at <1 m nominal pulse spacing.  Exploratory statistics revealed 12 
variables that best associate with soil moisture, including terrain features (slope and 
elevation), soil physical and chemical properties (calcium, organic matter, clay and sand) 
and geoelectric measurements (apparent electrical resistivity for each date).  The LMC 
consisted of 3 basic components: nugget, cubic (short range scale) and exponential (long 
range scale). Applying principal component analysis to the coregionalization matrix at 
each spatial scale produced a set of regionalized factors summarizing the variation at that 
spatial scale.  Preliminary findings indicate ERa mainly affects short range variation 
while soil properties and terrain features mainly affect long range variation.  Thematic 
maps of the significant regionalized factors detail the scale-dependent spatial variability 
of soil and terrain properties affecting SMV.  This study shows that SMV originates from 
multiple properties acting in a scale-dependent manner and uses multicollocated factorial 
cokriging to delineate measured soil and terrain properties affecting SMV into scale-
dependent homogeneous zones.  These maps could be used to direct a more rational, site-
specific use of water and other natural resources.  
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Natural heterogeneity in soil properties limits the understanding of water and solute 
transport at the field scale. A new experimental design with scale-dependent treatment 
distribution was adopted to assess the impact of land use and rainfall characteristics on 
Br- leaching under field conditions in this study. On a transect with two land use systems, 
i.e., cropland and grassland, rainfall intensity and the time delay between solute 
application and subsequent rainfall were arranged in a repetitive pattern at different 
scales. Soil samples in 10 cm increments down to 1 m depth were collected along the 
transect for Br- analysis after rainfall simulation. Owing to the more continuous 
macropores supporting the development of preferential flow, soil Br- was more evenly 
distributed with soil depth and reached greater depth in grassland. Increasing rainfall 
intensity tended to enforce the deep leaching of Br-. Frequency-domain analysis revealed 
that the dominant factor that controlled Br- leaching varied with depth. At 0-10 cm, 
rainfall intensity was most strongly correlated with Br- concentration; while in the soil 
layer right below, application time delay was the main driving force for the spatial 
distribution of Br-. With the increase of soil depth, the spatial behavior of Br- was mainly 
caused by soil properties such as soil texture and topography, rather than rainfall 
characteristics. Nevertheless, rainfall intensity was found to be positively correlated with 
Br- concentration in deep soil, indicating a great risk of deep leaching and groundwater 
contamination under heavy rainfall. Results of the present study suggest that this novel 
experimental design is useful in studying hydrological processes at large scales. 
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DEVELOPING POST-INCIDENT RISK COMMUNICATION GUIDELINES FOR 
INTENTIONAL WATER CONTAMINATION EVENTS 
 
Pamela Cupp, Research Associate Professor 
Shari R. Veil, Assistant Professor 
Timothy L. Sellnow, Professor 
H. Dan O'Hair, Dean and Professor 
Nicole Staricek, Instructor/Doctoral Student 
Katy Anthony, Instructor/Doctoral Student 
Laura Young, Instructor/Doctoral Student 
Chike Anyaegbunam, Professor 
Charles B. Madinger, Doctoral Student 
College of Communication and Information 
University of Kentucky 
Lexington, KY 40506 
Phone: 859-257-8133 
Email: pam.cupp@uky.edu 
Anna Goodman Hoover, Research Instructor 
College of Public Health 
University of Kentucky 
111 Washington Ave., Room 204C 
Lexington, KY 40536 
Tele: 859-218-0343 
Email: Anna.Hoover@uky.edu 
 
This panel will discuss a US EPA-funded research project intended to improve risk 
communication for post-incident decontamination and clearance activities associated with 
intentional contamination of a water system. The study incorporates two complementary 
methods conducted in successive phases. The recently-completed first phase included 
robust case study analyses of risk communication related to recent and significant 
contamination incidents. The second phase, which is currently underway, will identify 
ways in which disparate stakeholder groups in a metropolitan area differentially perceive 
risk and subsequent risk communication efforts. The session will be broken into four 
presentations of 15-20 minutes, as follows: 
  
1) Study Overview. This segment will focus on research questions, study design, and 
research team composition. The benefits of the mixed-methods approach will be 
discussed. Process-related challenges and solutions to date will be described.  
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2) Best Practices in Risk Communication. The second segment will provide an 
introduction to the Best Practices in Risk Communication, as outlined in a 2006 special 
issue of the Journal of Applied Communication Research. The key elements of the Best 
Practices will be discussed, as well as their evolution over time. The use of the Best 
Practices as a framework for case study analysis will be described. 
 
3) Case Study Analysis: Lessons Learned. The third segment will present lessons 
learned from four case studies involving water contamination: a 2002 train derailment in 
Minot, North Dakota; the Tar Creek National Priorities List Superfund site in Oklahoma; 
the 2010 British Petroleum oil spill into the Gulf of Mexico; and the 2008 TVA coal ash 
spill at the Kingston Fossil Fuel Plant in Tennessee. This segment will focus on cross-
cutting lessons learned from comparing and contrasting post-incident communication 
responses to current Best Practices for Risk Communication. 
 
4) Employing Community-Based Participatory Communication (CBPC) to Improve 
Best Practices.  The final segment will discuss the use of participatory communication 
methodologies, in conjunction with lessons learned from case study analyses, to identify 
key stakeholder groups and improve understanding of the values, knowledge, beliefs, 
information, and channel preferences for each. This process will contribute to the creation 
of stakeholder-driven Best Practices guidelines to assist US EPA, public health officials, 
and emergency responders in communicating with key constituencies during the 
decontamination and clearance stages of an intentional water contamination event.  
 
The session will close with an interactive discussion with the audience regarding the 
project and future directions for similar applied environmental risk communication 
research. 
39 
 
DEVELOPING A VEGETATION-BASED INDEX OF BIOTIC INTEGRITY FOR 
ASSESSING THE ECOLOGICAL CONDITION OF WETLANDS IN KENTUCKY 
 
 
Tanner M. Morris, JohnRyan A. Polascik, David R. Brown 
 
Eastern Kentucky University 
521 Lancaster Avenue 
Moore Building Room 349 
Richmond, KY 40475 
(740) 364-8736 
tanner_morris30@mymail.eku.edu 
 
To enforce the Clean Water Act, a number of ecological assessment techniques have been 
developed to quantify the ecological quality of streams and wetlands across the United 
States. However, Kentucky is currently lacking in this area and has no state-wide means 
to assess the ecological quality of its wetlands. Ohio has a state-wide applicable 
vegetation-based index of biotic integrity (VIBI) for assessing wetlands that has 
undergone multiple testing iterations and years of refinement. Due to the geographic and 
vegetative similarities between Ohio and Kentucky, Ohio's VIBI was used as a model for 
the development of a state-wide applicable vegetation-based IBI for Kentucky (KY 
VIBI). The Ohio VIBI metrics were tested for performance in riverine wetlands in two of 
Kentucky's watersheds, the Green River and Upper Cumberland River. Using a stratified 
random selection approach, a total of 39 sites were intensively sampled between the two 
watersheds over the growing seasons of 2011 and 2012. Preliminary analysis suggests 
certain metrics (e.g. the number of seedless vascular plants, number of hydrophytes, 
percent invasive graminoids) from the Ohio VIBI are not performing in a way that 
correctly reflects wetland condition in these two watersheds. Our next step is to make 
slight modifications to the existing metrics from the Ohio VIBI in order to properly 
reflect wetland condition in these two watersheds. These modified metrics will become 
candidate metrics for the KY VIBI. Additionally, we will also develop new and simpler 
metrics as possible candidate metrics for the KY VIBI. These candidate metrics will then 
be validated against an independent method of calculating disturbance (Landscape 
Development Index or LDI) using correlation analysis. 
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USING VEGETATION AND LANDSCAPE ANALYSIS TO VALIDATE A 
WETLAND RAPID ASSESSMENT METHOD FOR KENTUCKY’S FORESTED 
RIPARIAN WETLANDS 
JohnRyan A. Polascik, David R. Brown, and Tanner M. Morris 
Department of Biological Sciences, Eastern Kentucky University 
521 Lancaster Ave. Richmond, KY 40475 
(570) 956-6113 
 
johnryan_polascik@mymail.eku.edu 
 Within the past few decades, Rapid Assessment Methods (RAMs) have been 
employed as a quick and qualitative approach to determine ecological integrity across 
various ecosystems. From an ecological and regulatory perspective, wetlands are a model 
system for using and testing RAMs. In terms of total wetland loss, Kentucky is among 
the nation’s highest with losses exceeding 80%. Of those wetlands remaining, the vast 
majority are forested floodplains. Kentucky is currently in the process of developing and 
evaluating a Kentucky Wetland Rapid Assessment Method (KYWRAM) to be used in 
regulatory processes and scientific research. The goal of this study was to validate the 
KYWRAM using the Environmental Protection Agencies’ 1-2-3 level framework. Level 
1 methods are landscape-scale assessments; Level 2 methods are rapid assessments 
typically requiring no more than a half day in the field. Level 3 methods are intensive 
assessments surveying biotic communities.   
This study was conducted within the Green River and Upper Cumberland River 
basins of Kentucky. Sites were sampled between 23 May and 26 September, 2012 (n = 
20). Wetlands were selected by the US Environmental Protection Agency using a 
generalized random tessellation stratified sample design. To validate our method, we 
quantified the vegetation communities and landscape intensity at each site to be 
compared against scores from the KYWRAM. At each site, a Vegetation Index of Biotic 
Integrity (VIBI) and KYWRAM were conducted. A Landscape Development Intensity 
Index (LDI) was also used to calculate landscape disturbance for each site. VIBIs were 
conducted using ten 10x10-m plots, composed of ten forest metrics and is scored from 1 
to 100 (100 being reference and 1 being very poor quality). KYWRAMs were completed 
by individual raters, were composed of 6 disturbance metrics and scored from 1 to 100 
(100 being reference and 1 being very poor quality).  Scores for the KYWRAM were 
averaged for each site. LDIs were calculated using the 2005 National Land Cover Dataset 
in ArcGIS v. 10 within a 1000m buffer around each VIBI point and was scored from 1 to 
10 (1 being reference and 10 being completely disturbed).  
Our initial results show that scores ranged from 25 to 80 (VIBI), 30.5 to 87 
(KYWRAM), and 1.36 to 5.95 (LDI). Linear regression showed similar relationships 
between all three levels of assessment, however, only significant relationships exist 
between the VIBI and the LDI (R2 = 0.219, P < 0.05). Of all three methods, only the VIBI 
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showed a statistically significant difference between basins (t18 = 5.231, P < 0.001) while 
the KYWRAM and LDI were not statistically significant (t18 = 1.940, P < 0.068 and t18 = 
-1.365, P = 0.189, respectively). 
Since scoring ranges did not encompass the entire gradient of disturbance, we 
cannot yet validate this method. Since random sampling did not pick up very low or high 
quality sites, we will likely have to locate these sites with the help of state agencies. 
Because this method is still being developed, we will review which metrics best reflect 
intensive surveys and landscape analysis to modify the KYWRAM. Future analysis will 
utilize model selection to determine which variables are best explaining each KYWRAM 
metric. In addition, multivariate techniques to determine which variables are scoring 
similarly. This will give us a better framework for developing and adapting these 
methods for regions specific to Kentucky. The results from this research will be used 
towards the development of a KYWRAM and to influence wetland management 
practices within Kentucky. 
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IMPROVING OVERALL STREAM FUNCTION BEYOND THE CHANNEL 
(OPPORTUNITY MEETS NECESSITY) 
 
Oakes Routt and Wanda Lawson 
Stantec Consulting Services Inc. 
10509 Timberwood Circle, Suite 100 
Louisville, KY 40223 
502-212-5000 
oakes.routt@stantec.com 
wanda.lawson@stantec.com 
 
 
Working for the Tennessee Stream Mitigation Program, Stantec and Jen-Hill teamed on 
the Middle Fork Stream Restoration Project to expand the ecological footprint of a 
restoration project in Western Tennessee by incorporating a variety of oxbow ponds, 
wetlands and vernal pools.  The oxbows wetted areas were designed and constructed in a 
manner that provided an array of ecological opportunities including variable depths, 
hydrologic regimes, vegetation, woody debris and substrates.  The project, located in 
Huron, TN., was primarily a Priority 1 design and included, among the oxbows, a 0.5 ac 
pond designed to intercept sub-surface drainage tiles installed sometime prior to 1985 to 
convert wetlands to farmable land.  The combination of hydrology and sandy silt soils 
made it difficult, and in some cases too costly, to fill certain areas of the old channel and 
floodplain, which created the opportunity to incorporate oxbows and wetlands to balance 
material on site using landform grading techniques.  The oxbows and wetlands created 
adjacent to valley slopes intercept, reduce the velocity, and provided storage for overland 
flow on the highly erodible soils.  The water-filled oxbows, wetlands, and vernal pools 
then gradually supply the adjacent stream with longer sustained stream flows through the 
year and pool habitat through the summers due to groundwater flow.  Multiple oxbows 
were created adjacent to the stream channel, many of which were hydraulically connected 
with shallow swales creating a network of oxbow lakes.  These oxbows were generally 
created to maintain existing springs and seeps encountered during construction.  The 
network of oxbows allowed these springs and seeps to slowly move water through the 
wetlands and then become part of the groundwater hydrology.  The flow networks 
facilitate the controlled runoff of storm water while the addition of woody debris creates 
natural wood-type structures.  Root wads and other woody debris generated from 
construction were used to ecologically augment the oxbows while creating natural check 
dam type structures for larger runoff events.  Depths were varied throughout the oxbows 
while trees that were present were incorporated into the design as well. The result is a 
functioning system of oxbows with vernal pools and adjacent wetlands that support and 
enhance the natural channel design both ecologically and hydraulically. 
 
About the Speakers:  Oakes Routt P.E. is a Stream Restoration Construction Manager with Stantec who 
has been working on stream restoration projects the last 5 years across the United States.  Mr. Routt holds 
Bachelors and Masters of Engineering degrees from the University of Kentucky.  Wanda Lawson P.E. is a 
Stream Restoration Designer with Stantec who has been working on stream restoration projects for over 9 
years across the United States.  Mrs. Lawson holds a Bachelors of Engineering degree from the University 
of Kentucky.  
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THE EFFECTS OF PRESCRIBED FIRE RESTORATION  
ON AMPHIBIAN AND REPTILE DIVERSITY 
Robert Knopp, Howard Whiteman and Chris Mecklin 
102 Curris Center, Murray, KY 42071 
502.422.0450 
robertknopp1@mail.com 
 
 Restoration ecology is an expanding field with great potential. The benefits of fire 
restoration have been well documented for a number of plant and animal species, yet the 
impact of fire on amphibians and reptiles is not fully understood. I tested whether fire 
restoration measures, specifically controlled burns, had any effect upon amphibian and 
reptile abundance, diversity and community composition. This study was performed after 
one managed burn event within Land Between the Lakes National Recreation Area 
(LBL). I employed three methods (dip-netting, drift fences and minnow traps) to sample 
herpetofauna at eight control and eight restoration sample sites. I also measured 
environmental variables including forest characteristics and water quality at each sample 
site. Individual species abundances did not differ significantly for any reptile or 
amphibian. The restoration area had significantly higher herpetofauna diversity, but only 
one environmental variable, leaf litter depth, corresponded to this result. Control and 
restoration areas had significantly different species assemblages. Differences in species 
assemblage and diversity can be attributed to a higher number of species documented in 
the restoration area including many that occurred in low numbers. The presence of these 
additional species in the restoration habitat suggests that fire disturbance has promoted a 
redistribution of the available niche space. This study is one of the first in the 
southeastern U.S. to document overall increased diversity of herpetofauna corresponding 
with fire restoration techniques. The changes in reptile and amphibian diversity and 
community composition observed in this study are likely due to both the specific fire 
prescription used by LBL land managers and my sampling methodology. Comparisons 
with previous studies indicate that the long burn regimes implemented at LBL benefit 
herpetofaunal diversity and that thorough sampling is necessary to detect changes in 
herpetofauna community structure and diversity after fire management. 
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QUANTIFYING BENTHIC MACROINVERTEBRATE COMMUNITY STRUCTURE 
AND BIOMASS IN A RECENTLY RESTORED STREAM 
 IN EASTERN KENTUCKY 
 
Principal Investigator(s): Nicholas Revetta1, Amy Braccia1, Art Parola2, Clayton Mastin2 
1Department of Biological Sciences, Eastern Kentucky University, Richmond, KY 40475 
2Dept of Civil and Environmental Engineering, Univ of Louisville, Louisville, KY 40292 
859-622-1505 
nicholas_revetta@mymail.eku.edu 
 
Channelization is the process of straightening, widening, and deepening existing 
stream and river channels (1).  Studies have shown that stream alteration and 
channelization results in degraded stream habitat and loss of hydrologic function.  These 
changes have negative impacts on the aquatic biota (2).  From the late 19th century 
through the middle of the 20th century, stream alteration and channelization was so 
expansive that many streams nation-wide are impacted by this anthropogenic disturbance.  
In the Appalachian Highlands physiographic region of the US, nearly 99% of the streams 
have been potentially modified as a result of channelization (3).   
Our study sites, Slabcamp Creek and White Pine Branch, are good examples of 
channelized headwater streams in Kentucky.  Many years ago, sections of these streams 
were straightened and moved to the base of a mountain to support farming in their 
respective valleys.  As a consequence, the channels eroded to bedrock and developed 
unstable habitat for aquatic biota.  Furthermore, the streams became disconnected from 
their natural floodplains and aquifer, which resulted in intermittent annual flow patterns.  
(4). The USDA Forest Service decided to restore Slabcamp Creek and repair the damage 
that resulted from past channelization and historical land-use.  The major goals of the 
restoration were to improve habitat for wildlife and fish, reduce erosion and downstream 
flooding, restore the hydrologic function, and increase the flow during summer and dry 
fall periods (4).  The restoration practices at Slabcamp Creek involved the removal of 
post-settlement alluvium in order to reconnect the channel to its original aquifer and 
floodplain in the center of the valley.  The restoration has been complete since October 
2011.  Stream restoration is becoming increasingly common and various restoration 
practices are well underway in the United States.  Although stream restorations are 
occurring throughout Kentucky, post-restoration studies that quantify aquatic community 
responses to restoration practices are rarely performed. The goal of this study is to 
quantify macroinvertebrate community structure and biomass during the first post-
restoration year at Slabcamp Creek and to compare those responses to a pre-restoration 
reference condition represented by White Pine Branch. 
Because there was not an opportunity to sample Slabcamp Creek prior to its 
restoration, White Pine Branch was selected as a pre-restoration reference site.  Seasonal 
sampling (fall 2011, winter 2012, spring 2012 and summer 2012) occurred within a 150 
m representative reach at each study site.  Benthic samples were collected systematically 
(i.e., every 30 m along each stream reach) from predominant habitats (i.e., riffles and 
pools) with a quantitative Hess sampler.  The sampling design resulted in five replicates 
from riffles and five replicates from pools in each stream during each sampling period.  
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During the summer 2012 sampling period, White Pine Branch was dry and surface flow 
in Slabcamp Creek was too low for benthic collections from riffles, so only pools in 
Slabcamp Creek were sampled during that sampling period.  Sixty-five benthic samples 
were collected for the entire study.  Benthic samples were preserved in ethanol and 
transported to the laboratory where they were sorted to their entirety (i.e., no 
subsampling) under a dissecting microscope.  All individuals were identified to genus, 
except Chironomidae, enumerated and measured to the nearest 0.5 mm in order to 
estimate standing stock biomass from published length-mass regressions (5).  Reach-
scale habitat measures were taken during the spring and summer sampling periods and 
hydrologic variables were monitored at each site during summer 2012 (August through 
October), which is the typical season that surface flow subsides at our study sites.  
 Thus far, all benthic samples from riffles have been analyzed.   Preliminary 
analysis of macroinvertebrate community structure from riffles show that Slabcamp 
Creek had higher total taxa richness (Slabcamp creek = 52 taxa, White Pine Branch = 45 
taxa) and a higher proportion of EPT taxa (Slabcamp Creek %EPT = 54, White Pine 
Branch %EPT = 47).  Macroinvertebrate densities from riffles were significantly different 
between streams only during the winter sampling period (t2,4 = 3.117, p = .005).  
However, significant differences in total biomass were detected during every sampling 
period: fall (t2,4 = 2.487, p = 0.020), winter (t2,4 = 4.074, p < 0.001), and spring (t2,4 
=3.576, p = 0.002). Results from reach-scale habitat measures and hydrologic monitoring 
show that Slabcamp had more wetted riffle habitat during the critical summer flow 
period.  Our preliminary findings suggest that the new perennial flow pattern and stable 
riffle habitat in the restored channel at Slabcamp Creek has resulted in a 
macroinvertebrate riffle community that can persist through high winter/spring flows and 
low summer flows.  Further analysis will include macroinvertebrate data from pool 
samples, habitat-weighted biomass estimates, and multivariate analysis of community 
structure.   
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MERCURY BIOACCUMULATION AND THE IMPACT OF STREAM BASIN 
CHARACTERISTICS ON SUSCEPTIBLE POPULATIONS: POLICY 
IMPLICATIONS FOR KENTUCKY 
Caroline Chan, PhD1,2 and Robert R. Jacobs, PhD2 
  
1Kentucky Division of Water  2Environmental & Occupational Health Sciences  
Watershed Management Branch School of Public Health and Information Sciences 
GIS & Data Analysis Section  University of Louisville  
200 Fair Oaks Lane   485 E. Gray Street 
Frankfort, KY 40601   Louisville, KY 40202 
(502)564-3410 ext. 4820  (502)852-0196 
Caroline.Chan@ky.gov  Robert.Jacobs@louisville.edu 
 
Human exposure to mercury through fish consumption from local waterways is an 
ongoing concern to regulatory decision makers. A dynamic bioaccumulation model, 
calibrated to sites in Kentucky, was combined with a population model to analyze the 
impact of potential policies on susceptible populations. The combined model simulated 
the problem of mercury exposure by examining the system from the point of mercury in 
the water column to its concentration in population biomarkers. Policy scenarios were 
evaluated to determine how effective they were in protecting human health from the 
viewpoint of state level policies, particularly for Kentucky. These policies included 
watershed management strategies, reductions in loading, and the protectiveness of fish 
consumption advisories.  The decision making process of setting a fish consumption 
advisory was examined in more detail.  
Basin characteristics combined with the unique pattern of intake rates of susceptible 
populations determined the risk associated with fish consumption from a given waterway. 
Each population had a unique pattern of biomarker response to changes in fish tissue 
mercury. All three examined scenarios resulted in reduced risk to susceptible populations. 
Watershed management strategies that lowered bioaccumulation rates also reduced 
ecosystem services, making this strategy undesirable. Reducing fish tissue contamination 
through reductions in mercury loading to watersheds is an effective long-term solution 
but fails to protect consumers over the short-term. In Kentucky, loading occurs primarily 
through atmospheric deposition, often from sources outside the state. Policies reducing 
loading would be more effective at the federal level. For the short-term, fish consumption 
advisories to protect populations from adverse exposures is the most effective strategy. 
The combination of characteristics of the basin and the populations that fish from the 
waterway should be the determinant for Kentucky issuing these advisories. 
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ASIAN CARP IN KENTUCKY WATERS:  AN ECOLOGICAL DISASTER? 
Ron Brooks, Fisheries Division Director 
Kentucky Department of Fish and Wildlife Resources 
#1 Sportsman Lane, Frankfort, KY 40601 
(502) 564-7109 X4466 
ron.brooks@ky.gov 
 
Asian carp refers to several species of fish brought from Asia to the United States in the 
1970’s to address aquatic vegetation issues and elevated nutrient conditions that persist in 
aquaculture ponds and tertiary municipal, wastewater treatment ponds. Within months 
after their initial stockings, the carps escaped into the Mississippi River were they are 
reproducing in large numbers and creating havoc for recreational boaters and aquatic 
ecosystems. Of the four species (bighead, silver, black, and grass carp) established in the 
Mississippi River basin, silver and bighead are causing the most problems. In Kentucky, 
silver carp are thriving well into the lower Ohio River, but they only recently managed to 
move up through the Falls-of-the-Ohio in Louisville. Bighead carp inhabit Kentucky’s 
entire portion of the Ohio River and into West Virginia’s portion of the Greenup Pool. 
Neither carp species is known to reproduce above Louisville. Every significant tributary 
and backwater habitat connected to the Ohio and the Mississippi Rivers also have Asian 
carp. Silver carp feed on phytoplankton and minute algae, can leap over ten feet in the 
air, and grow to over 70 pounds. Bighead carp feed on zooplankton and grow to over 110 
pounds. Together, the two species forage on the very base of the aquatic food chain, and 
they consume over 20% of their body weight daily. Their voracious appetites and ability 
to reproduce in large numbers make them especially threatening to every aquatic 
ecosystem in which they have become established. This presentation will provide 
information concerning the life history of Asian carp in Kentucky, issues that the two 
species pose to our water resources, current activities to prevent intentional or 
unintentional movement of live Asian carp into new water bodies, and methods that may 
someday control their numbers or eradicate the fish where possible.  
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EFFECTS OF STREAMBED SEDIMENTS ON THE FATE OF SELENIUM IN 
EASTERN KENTUCKY WATERSHEDS CONTAMINATED WITH SURFACE 
COAL MINING OPERATIONS 
 
Edward William Fisher, Undergraduate Student 
Yi-Tin Wang, Professor 
 
Department of Civil Engineering, University of Kentucky 
859-257-5937 
ywang@uky.edu 
 
 
Selenium is found naturally in the earth’s crust.  The main natural sources of  
selenium in the environment are the weathering of rocks, soils, and minerals, as well as 
volcanic activity.  Anthropogenic sources of selenium are wide spread including 
electronic and photography, glass manufacturing, pigments, additives for metal 
processing, copper refining operations, fossil fuel combustion, petroleum refining, and 
agricultural drainage waters in the Western United States.    In Eastern Kentucky, 
surface-mining operations in Appalachian coal regions have been identified as the major 
cause of selenium contamination in water and fish, due to the prevalence of selenium in 
overburden soils exposed during mining activities.  
 
      Exposure to very high levels of selenium can cause dizziness, fatigue, irritation, 
collection of fluid in the lungs, and severe bronchitis.  The U.S.EPA has set the 
maximum contaminant level for selenium in drinking water at 0.05 mg/L to protect the 
public. 
 
 A selenium-reducing bacterial species was isolated and its ability to reduce 
soluble selenium (Se (IV) and Se (VI)) to insoluble form (Seo) in the aqueous phase was 
examined.  Of nine sediment samples taken from an Eastern Kentucky watershed, two 
produced results indicative of the existence of selenium-reducing bacterial species.  Of 
these two, one was selected for further screening and resulted in the isolation and 
identification of strain FS-2.  Preliminary studies were performed to evaluate the effects 
of the growth media on selenium reduction, and the optimal concentration of pH buffer.  
The optimum temperature for cell growth was determined, and a colorimetric analysis 
method for determining selenium concentrations in the aqueous phase was examined.  
Control experiments showed that the basal salt growth medium did not reduce selenium.  
The optimum pH buffer concentration was determined to be 0.3 g/L of both potassium 
phosphate monobasic and potassium phosphate dibasic.  ICP-OES analysis of a batch 
culture verified the ability of strain FS-2 to transform selenate and selenite to elemental 
selenium.   The optimum temperature for growth was found to be 30°C.   
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THERMAL DEPENDENCE OF SOLVATION GEOMETRIES  
IN AQUEOUS NITRATE ION SOLUTIONS 
 
Matthew J. Nee 
Department of Chemistry 
1906 College Heights Blvd. 
Western Kentucky University 
Bowling Green, KY 42101 
(270) 745-0114 
matthew.nee@wku.edu 
 
The photolysis of aqueous nitrate ion (NO3-) in the natural environment (as in marine and 
riparian settings) has been shown to produce a variety of compounds which are 
considered either human health hazards or are potentially environmentally dangerous. 
These include the nitrogen oxides (NOx = NO + NO2) and ozone (O3). To properly model 
the impact that nitrate photolysis has on climate change and atmospheric composition, a 
full set of kinetic data (rate constants, mechanisms, and branching ratios) must be known 
for the complex network of reactions which terminate in the production of NOx and O3. 
The laboratory experiments performed here represent one aspect of the information 
which could assist the proper modeling of the Earth’s atmosphere. We have found that 
we are able to observe a temperature dependence to the split peaks in the infrared 
spectrum of nitrate ion. This information gives fundamental insight into the energetic 
origin of the two peaks, and allows us to explore symmetry breaking in nitrate ion as we 
search for other means of exploring the kinetics following its photolysis. Using our HP 
Spectrum One Fourier transform infrared spectrometer, vibrational spectra of aqueous 
nitrate ion solutions of many different concentrations and ionic strengths were collected 
at a range of temperatures. Samples were sealed between two sapphire windows in a 
custom-built, temperature-controlled sample cell holder. Sapphire is needed because it is 
resistant to degradation by water and also passes ultraviolet radiation, which will be 
essential for future photolysis projects. Normally, aqueous spectra cannot be well 
monitored with infrared spectroscopy because of the large signals due to water 
absorption. However, NO3- has its primary infrared signal (asymmetric stretching mode) 
in the range from 1200 to 1500 cm-1, which is completely clear of any water absorption. 
It is well established that the spectral line shape is well described by two Gaussian peaks 
corresponding to different molecular geometries of nitrate which exist in solution. 
Because these two geometries arise as a result of the electrostatic forces between nitrate 
ion and water molecules, our hypothesis was that, as the ionic strength was adjusted, the 
change in local electric fields would alter the relative amounts of the two geometries 
observed. We have shown that the relative intensities of the different solvent geometries 
do change as a function of temperature. This behavior is shown in Figure 1. As the 
temperature increases, the peak at high frequency increases as the peak at low frequency 
decreases in area. This implies that, as more thermal energy is available to the system, the 
solvation geometry having the higher frequency becomes more accessible. The spectrum 
at each temperature is fit to two Gaussian peakshapes, one for each solvation geometry. 
The areas are treated as effective concentrations for the two geometries representing the 
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equilibrium probability of finding a 
particular nitrate ion in one geometry or 
the other. With this assumption, the ratio 
of areas translates to an equilibrium 
constant, Keq, which means that changes 
in enthalpy (ΔrH°) and entropy (ΔrS°) 
upon conversion between the two 
geometries can be calculated according to 
the van’t Hoff equation,  
ln r req
H SK
RT R
∆ ° ∆ °= − +   (1), 
where R is the universal gas constant 
(8.314 J mol-1 K-1) and T is the 
temperature at which a particular 
spectrum was collected. Plots are shown 
in Figure 1 for both pure nitrate ion and 
nitrate ion in the presence of additional 
ions in solution. The effect of ionic 
strength is to change the sign of the slope 
of the plot, which indicates that, at a 
certain ion concentration, the identity of 
the most stable geometry changes.  
As we continue this work, we will 
characterize this phenomenon in greater 
detail. If a clean connection between ionic 
strength and vibrational spectrum can be 
identified, it can be exploited as a means 
of monitoring kinetics in aqueous 
solutions: the appearance of different 
ionic products could be revealed by a 
change in the spectral lineshape of nitrate 
ion or other symmetry-breaking species. 
This would enable fast monitoring of 
reactions of environmental interest, 
ranging from the generation of toxic gases 
like NO and O3 to the treatment of waste 
water, all of which will improve the 
quality of Kentucky’s water resources. 
 
Figure 1. Top: FTIR spectra of 0.5-M 
KNO3 solutions at various temperatures 
shift favor lower frequencies at higher 
temperatures. Middle: van’t Hoff plot 
using the peak area ratios for Keq. From 
Eq. 1, the slope and intercept reveal the 
thermodynamics of the conversion 
reaction. Bottom: for higher ionic strength 
solutions, the trend with temperature 
reverses. 
57 
 
THE COMBINED EFFECTS OF ATRAZINE AND PREDATION ON THE LARVAL 
DRAGONFLY Ladona deplanata 
 
Principal Investigator: 
Claire A. Fuller 
Professor of Biological Sciences 
Department of Biology 
Murray State University 
Murray, KY 42071 
270-809-5497 
claire.fuller@murraystate.edu 
 
Co-PI: 
Ann F. Gilmore 
Graduate Student 
Watershed Studies Institute 
Department of Biological Sciences 
Murray State University 
Murray, KY  42071 
440-522-0267 
agilmore1@murraystate.edu 
 
 
Agricultural pesticide contamination is ubiquitous in freshwater habitats and predicting 
the fate of these chemicals in natural communities is an important goal for ecologists. 
Atrazine is a common herbicide found in freshwater habitats worldwide with numerous 
negative effects on aquatic wildlife. Typical concentrations are relatively low (~100 ppb), 
yet have the ability to impair wildlife behavior, physiology, and fitness traits. Recent 
research indicates that these effects are often magnified in the context of other 
community interactions. Because invertebrates are a keystone species in aquatic habitats 
we sought to determine how sublethal concentrations of atrazine (80 ppb) and predator 
cues (Anax junius) affect larval dragonflies (Ladona deplanata) throughout development. 
We used a split-plot experimental design with aquatic mesocosms to test the interaction 
of these stressors over a six-week period. We examined the effects of both stressors on 
immune parameters, growth, and fat storage, phenotypically plastic traits that have fitness 
implications for adult dragonflies. Preliminary analyses using two-way ANOVAs 
indicate that both treatment effects on larvae were evident after two weeks of exposure 
with predator cues affecting growth and immune parameters over the entire six weeks. 
After two weeks of exposure, there was a significant treatment interaction on immune 
parameters, however by the end of the six-week period, treatment effects depended on the 
specific immune response measured. The effect of predator presence on hemocyte 
numbers persisted throughout the experiment, as did the effect of atrazine on 
phenoloxidase (PO) activity. The results of our study indicate that sublethal atrazine 
exposure affects immune function in larval dragonflies with implications for parasite 
resistance and the potential for tradeoffs between growth and immune investment. In the 
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context of a natural community, sublethal herbicide exposure may be intensifying the 
effects of predators with implications for survival to metamorphosis and adult fitness. 
This study highlights the importance of conducting long-term exposure experiments of 
multiple stressors, in detecting differences in the sublethal effects of contaminants on 
aquatic invertebrates. 
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A stream stability index was developed using hydrogemorphic field data at 35 unique 
sites in Northern Kentucky.  Stream stability was quantified using annually repeated 
surveys at 28 of the 35 sites, with eight of the sites having two rounds of surveys and 20 
of the sites having three rounds of surveys.  Expert scores, which were only assigned to 
sites with at least two rounds of surveys, encompassed measured rates of instability 
across five individual dimensions, including 1) Left Bank, 2) Right Bank, 3) Cross 
Section, 4) Profile, and 5) Bed Material.  These individual scores were synthesized into 
an overall expert score on a 0 to 10 scale.   
 
The next step statistically tested the power of simple, field-derived metrics in predicting 
the expert scores to develop a ‘Stability Index’ that could be computed in the field in 
about 15 minutes.  Channel shape, bank heights and angles, embeddedness, riffle 
frequency, and the depth of the deepest pool were all significant at p < 0.10 in predicting 
the overall expert score.  Approximately 74% of the variance in the overall expert score 
could be explained by channel shape, embeddedness, and the depth of the deepest pool, 
which were all significant at p ≤ 0.05.   
 
The stability index attempts to balance the statistical strength of metrics with 1) a 
physically-based framework, 2) ease of application in the field, and 3) a preference 
toward quantitative over qualitative metrics.  The stability index explains ~80% of the 
variability in the overall expert score, and is computed as: 
 
Stability Index 
  = -8.5 + 0.15 * LB + 0.15 * RB + 0.3 * Shape + 0.15 * Bedrock 
  + 0.25 * Embeddedness + 0.25 * Pool Depth + 0.25 * Riffle Freq. 
 
 Where:   
LB = Left Bank Score, RB = Right Bank Score, Shape = Shape Score, 
Bedrock = Bedrock Score, Embeddedness =  Embeddedness Score, Pool 
Depth = Pool Depth Score, and Riffle Freq. = Riffle Frequency Score 
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All of the variables are significant at p < 0.10, with the exception of the Right Bank (RB, 
p = 0.54) and Bedrock Score (p = 0.28).  Preliminary validation compared stability index 
scores against values of macroinvertebrate biotic index (MBI scores), habitat scores, and 
watershed imperviousness, showing positive correlations with MBI (p = 0.50) and habitat 
(p = 0.008), and negative correlations with watershed imperviousness (p = 0.12).  These 
correlations were more significant when withholding sites with vertical grade control (i.e. 
p-values of 0.17, 0.002, and 0.03 for MBI, habitat, and imperviousness, respectively), 
indicating that streams with exposed bedrock or similar grade control (e.g. exposed utility 
lines, culverts, etc.) may show less evidence of instability, but that aquatic life and habitat 
may still be impacted by erosive flows or other factors.   
 
The stability index is currently undergoing a field testing/validation period.  To date, the 
two-page field form has been applied at 61 sites, and documents similar relationships 
with MBI and habitat.  The correlation with habitat scores was particularly strong (p < 
0.0001), confirming that stream stability is positively correlated with habitat integrity.  
 
 
Figure 1 – Regional Bank Stability Diagram Used to Determine Bank Scores 
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Nonpoint source runoff (i.e. storm water) has been identified as one of the leading causes 
of impairment to stream water quality throughout the state.  The addition of improperly 
mitigated impervious surfaces (roads, parking lots, rooftops, etc.) disrupts a watershed's 
hydrology, altering the natural flow regime which impacts stream quality.   It is important 
that the consequences of these changes be more clearly understood.   
 
Boone County in northern Kentucky is one of the most rapidly developing counties in the 
state, and its watersheds are currently experiencing the impacts associated with that 
development (i.e. stream bank erosion/instability, excess sedimentation, degraded 
biological communities, loss of ecological function etc.).  Specifically, the Gunpowder 
Creek and the Woolper Creek Watersheds have been under increasing pressure as 
development continues to expand.   These watersheds cover approximately one-third of 
the county’s land area and are home to two-thirds of the county’s population.   Driven by 
concerned and interested groups and agencies, led by the Boone County Conservation 
District, the Gunpowder and Woolper Creek Watershed Initiatives have formed to 
develop strategies to improve and/or protect these vital resources. The Boone County 
Conservation District has been awarded two §319(h) grants from the U.S. Environmental 
Protection Agency through the Kentucky Division of Water. These grants will enable the 
Conservation District and partners to develop Kentucky Division of Water (KDOW) 
approved watershed plans designed to address nonpoint source pollution and related 
issues in the watersheds. 
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 As part of watershed plan development, a review of historic data collected by various 
agencies and organizations was conducted, and six sites in Gunpowder Creek and 18 sites 
in Woolper Creek were selected for further monitoring.  This additional monitoring 
included parameters such as bacteria, nutrients, sediment, flow, and biological 
assessments.  Additionally, hydromodification surveys and pebble counts were conducted 
at 4 sites in Gunpowder Creek and 18 sites in Woolper Creek.  Data was collected at the 
Gunpowder sites in 2011 and 2012 and analysis is underway.  Monitoring is on-going in 
Woolper Creek and will be completed in autumn 2013. Analysis of this data will help 
provide a better understanding of the issues facing each watershed, as well as aid in 
identifying appropriate management strategies to mitigate nonpoint source pollution in 
specific watersheds.    
 
Community outreach and education efforts are a vital component of these projects. The 
goals are to inform stakeholders and the general public about the water quality issues 
facing these watersheds and solicit their input and participation in the planning process. 
Two public meetings outlining the Gunpowder project were held in 2011 and 2012 with a 
third is scheduled for spring 2013.  The initial public meeting for the Woolper Creek 
Initiative will be scheduled for autumn 2013.  As data analysis reports are completed, 
interested agencies, stakeholders, landowners and the general public will be invited to 
participate in the development of the watershed plans.  Participants will assist with 
evaluation and selection of appropriate Best Management Practices (BMPs) for 
implementation.  Such public participation and commitment is critical to ensuring that the 
improvement and protection of water quality in Gunpowder and Woolper Creek is 
feasible, cost effective and continues beyond the grant funding period.  
 
Preliminary analyses have provided insights into identifying appropriate BMP strategies 
for specific impairments.  KDOW has developed a report card that translates the data into 
a format that can be readily shared with the public. For example, our least developed sub-
watershed, Riddles Run, received some of the best assessment scores, with the exception 
of E. coli (KDOW Report Card Grade of F), indicating that BMPs may focus on common 
rural sources such as septic systems maintenance and/or buffer strips/fencing for 
livestock.  In contrast, E. coli were less concerning in our most developed, but sewered, 
sub-watersheds in the headwaters of the main branch and south fork of Gunpowder 
Creek; however, macroinvertebrate scores were the worst (KDOW Grade of F).  These 
are also two of our most unstable reaches, indicating that BMPs in these watersheds may 
need to target ways to reduce the erosive force of stormwater runoff.  Our project team, in 
collaboration with US EPA, is currently investigating the efficacy of retrofitting 
conventional detention basins as an economical alternative to reduce the erosive power of 
most storms in a typical year, and provide extended hold times for water quality benefits. 
In conclusion, all of these efforts have gained synergy as a result of active stakeholders, 
engaged community partners, a progressive stormwater utility, and a data-driven 
approach focused on monitoring the root cause of the problems.  
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The ability of benthic sediments to assimilate carbon and nitrogen to the 
streambed and remove dissolved inorganic nitrogen from the water column has 
implications for fluvial carbon and nitrogen budgets.  Low-gradient, agriculturally and 
urban disturbed watershed systems in the Inner-Bluegrass Region of Central Kentucky 
are characterized by pronounced sediment retention, bedrock control and high 
background nutrients which support a thin micro-ecosystem at the sediment surface.  The 
complexity of these systems is compounded by the coupling of hydrologic, sediment, 
carbon and nitrogen processes which result in unreliable in situ and laboratory 
measurements.  To this end, a need exists for a coupled modeling framework that helps to 
constrain the stream nitrogen and carbon budgets at the watershed scale.  We propose a 
modeling framework that couples hydrologic, sediment, carbon, nitrogen and nitrogen 
stable isotope processes, using ambient measurements of sediment and streamwater 
constituents to parameterize and calibrate the model.  The modeling framework consists 
of a series of mass-balance, black box models in a nested watershed network in which 
water, sediment, and nutrients are routed to the watershed outlet.  Model outputs include 
fluxes from the watershed via fluid advection and net removal of constituents either from 
degassing to the atmosphere or assimilation by the benthos.    
The model is being applied to the South Elkhorn watershed (62 km2) located 
primarily within western Fayette County. The watershed is dominated by agricultural and 
urban land uses which promote non-limiting nutrient conditions for autochthonous 
growth and bacterial consumption.  Low stream and hillslope gradients and high 
sinuosity of the stream channel promote zones of pronounced sediment storage. 
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Preliminary results of the model suggest that benthic sediment processes result in 
pronounced seasonal and annual variability of sediment, carbon and nitrogen. Results of 
the sediment model suggest a dynamic, long-term equilibrium in which low-moderate 
flows scour the sediment bed and high flows deposit excessive sediment loads during the 
receding limb of the storm event.  This resulting dynamic significantly impacts the fluvial 
carbon and nitrogen cycles since the elemental compositions of upland soil organic 
matter vary significantly from that of newly derived autochthonous material.  The 
influence of benthic assimilation and decomposition is the driving factor for seasonal 
variability of the transported organic carbon concentrations.  The annual carbon flux from 
the system was estimated as 0.3 t/km2/yr with benthic autochthonous carbon contributing 
22% of the annual carbon flux on average.  The stream nitrogen budget showed high 
seasonal variability in terms of the δ15N signature of the sediment nitrogen.  The 
seasonality is attributed to nitrification and denitrification processes (which have been 
shown to vary with carbon content of sediment organic matter) and the assimilation rate 
of the dissolved inorganic nitrogen (DIN).  Preliminary budget results for the system 
suggests that 13% of inflowing nitrogen is uptaken by sediments, with 5% being 
permanently removed from the system via denitrification.  The remaining fraction is 
either eroded and transported as particulate nitrogen or regenerated to the water column.   
Further work will strive to better constrain model parameters and model 
uncertainty by performing a tighter coupling of carbon and nitrogen processes.  A dense 
dataset including measurements of isotope and elemental signatures of sediment and 
streamwater constituents will be collected in tributaries and the main stem of the study 
watershed.  Calibration, validation and uncertainty analysis will be performed using the 
most up to date methods. 
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The focus of this research is (i) the creation and verification of inexpensive 
instrumentation for sediment transport measurements within intelligent sensor 
networks, and (ii) the design and implementation of environmental monitoring 
network to measure sediment discharge. Recent technological developments in the 
miniaturization of electronics and wireless communication have begun a revolution in 
Environmental Sensor Networks. Wireless sensor networks are expected to decrease 
the cost and time associated with manual collection of water samples, increasing the 
temporal and spatial data resolution to that of the process scale for watershed 
monitoring efforts. The present research is motivated by the need to develop low cost, 
wireless sensors for sediment discharge measurements within highly sensed stream 
monitoring networks. The meet this need we introduce, Salamander the Serial 
Amphibious Linear Arrays of Micro And Nano Devices for Environmental Research. 
The Salamander is a tool that provides a versatile, instrumentation platform for 
deploying hydraulics and water quality sensors within stream monitoring networks.  
66 
 
Salamanders outfitted for sediment discharge measurement make use of 
inexpensive pressure sensors, velocity bend sensors (VBS), and light attenuation 
sediment sensors (LASS). Water velocity causes the VBS sensor, which acts as a 
strain gage, to bend and change the electrical resistance of the sensor. A semi-
theoretical relationship between VBS output and velocity was developed by coupling 
an energy balance model to predict elastic beam bending with circuitry analysis. The 
newly developed light attenuation sediment sensors (LASS) are called such due to 
their operating mechanism. LASS is a vertical array of cadmium sulfide light 
dependent resistors which measures light intensity to calculate light attenuation by 
suspended sediment with the Beer-Lambert equation. Light attenuation dependence 
on suspended sediment properties in upland watersheds was modeled using geometric 
optical theory. These newly developed sensors were then calibrated in the laboratory 
under a range of field representative conditions. The laboratory results show the 
models to predict sensor output can be used to make reasonably accurate estimates of 
velocity and sediment concentration.   
 
  Salamander was equipped with calibrated sensors and deployed to the field 
site located in the South Elkhorn watershed near the bluegrass airport. The field site 
selected for testing the sensor network was the confluence of 1st, 2nd, and 3rd order 
streams. This site was selected to enable testing of intelligent network features, data 
quality controls, and gain a better understanding of the effect of spatial scales on 
sediment transport within the watershed. The field deployed Salamander unit reads 
sensed metrics and wirelessly transmits this information to a centralized data storage 
location. The results of this work show that the inexpensive Salamander network can 
be quickly deployed in the field to monitor hydrologic events of interest to the 
researcher. Within the Salamander network, on-going research is underway to model 
velocity and sediment distribution and thereafter compute sediment flux for a stream 
location.  Wireless intelligent features are currently being designed and implemented 
to check for erroneous data based on calculations of parameter gradients. This 
research initiative is expected to produce a sediment discharge monitoring network 
that will provide data at temporal and spatial scales adequate to evaluate sediment 
transport processes. 
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ABSTRACT 
 
Agricultural systems require nitrogen (N) inputs to maximize yields and economic 
returns for farmers, but when N is applied at higher rates than necessary, there is potential 
for increased N and phosphorus (P) losses that can negatively impact groundwater quality 
(N), air quality (N), and surface water quality (N and P). New tools are needed that can 
be used by nutrient managers and conservationists to quickly assess the risk of N and P 
losses and determine alternative management practices that could reduce off-site losses of 
these nutrients. A new N and P Index for Kentucky was developed to enable quick 
assessments of the effects of management practices on the risk of N and P losses. The N 
Index component of this tool has been compared with experimental field data and been 
shown to estimate the effects of management practices on N loss pathways (P < 0.001). 
Nitrate-nitrogen (NO3-N) leaching losses estimated by the tool correlate with measured 
NO3-N leaching values ( P < 0.001). Results for the P Index component of the tool 
suggest that its estimations of P loss risk correlate with measured risk values.  
 
Tools like this are of key importance. A study released in September 2011 by the 
USDA found that only about a third of U.S. cropland is applying all of three best 
management practices (BMPs) for N in terms of application rate, time, and method, and 
that it costs billions of dollars annually to remove nitrate from drinking water 
(http://www.ers.usda.gov/Publications/ERR127/). To help reduce negative impacts to the 
environment the new National 590 Nutrient Management Standard was released in 
January 2013. The standard requires the development of state specific N risk assessment 
tools if N leaching and runoff from agricultural land presents a resource concern in the 
state.  It also gives instructions for updating existing P risk assessment tools, focusing on 
the transport factor of P entering surface waters from crop fields.  
 
Tools like the Kentucky N and P tool will help implement conservation on the 
ground to minimize environmental impacts from nutrient losses. The Kentucky N and P 
Index for laptop and desktop computers can be downloaded from the USDA-ARS-SPNR 
webpage at http://www.ars.usda.gov/Services/docs.htm?docid=20334. Additionally, the 
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N Index component of the tool is already available in the mobile application, and the P 
Index component will be released in the near future. This new tool developed for 
Kentucky is a new, cutting-edge prototype that is being used by the USDA Natural 
Resources Conservation Service (NRCS) in Kentucky as a conservation planning tool to 
enhance efforts to reduce non-point source nutrient pollution in the state that is generated 
from animal manure and commercial fertilizer applications on crop fields.  
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The Kentucky Division of Water is charged with protecting and enhancing the quality of 
its waters. As part of this effort, the Division monitors groundwater for a number of 
parameters, including phosphorus. Phosphorus naturally occurs in water, but high levels 
result in eutrophication. A better understanding of the relationship between phosphorus 
levels in groundwater and karst, groundwater sensitivity category, and groundwater 
physiographic region was sought. 
 Groundwater total phosphorus concentrations from 2003 through 2012 were used to 
examine these relationships. Nonparametric methods were used to evaluate the data. Data 
were analyzed using SAS® v. 9.3 to determine if significant differences existed based on 
the presence or absence of karst, groundwater sensitivity region, or groundwater 
physiographic region. Descriptive statistics were produced to summarize the three 
parameters. Tables were produced that include the median, minimum, maximum, number 
of samples, estimates of the interquartile range as determined by Kaplan Meier analysis, 
and the percent of the group that was censored. Because the data did not follow a normal 
distribution and were highly censored, the Wilcoxon rank sum test was used to determine 
if groups were significantly different. The analysis examined the groups as a whole, and 
then by pairs within each group. 
The Wilcoxon Rank Sum test showed significant differences existed between groups for 
all three parameters tested.  
Karst 
For the comparison between karst pairs, significant differences existed when 
comparing the moderate karst regions with the well developed and null regions. 
No difference was found when comparing the well developed region with the null 
region. 
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Groundwater Sensitivity 
Groundwater sensitivity category 1 was not included in the pair comparisons 
because of its small sample size. Significant differences were found between all 
sensitivity categories with the exception of the comparison between categories 2 
and 4. 
Groundwater Physiographic Regions 
The Commonwealth has six groundwater physiographic regions. When 
comparing the Bluegrass region to the other 5 regions, significant differences 
were found with the Jackson Purchase, Mississippian Plateau, and the Ohio River 
Alluvium. Significant differences were found between the E. Coal Field and 
Jackson Purchase, Mississippian Plateau, and Ohio River Alluvium regions. The 
Jackson Purchase and W. Coal Field were significantly different, as were the 
Mississippian Plateau and W. Coal Field. 
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Introduction 
 
Container nursery production depends on irrigation considering the small volume of 
growing media and its low water holding capacity. Irrigation water management is a key 
consideration in ornamental crop production and for reducing the impact of fertilizer and 
pesticide runoff on local water resources (Beeson et al., 2004). The nursery industry tends 
to schedule irrigation on time intervals rather than the available irrigation scheduling 
methods based on crop water use and/or environmental conditions. Irrigation scheduling 
based on daily water use (DWU) was reported as a better way to improve water use 
efficiency of nursery plants. Substrate moisture sensors were used to measure how much 
water was removed through evapo-transpiration in a day and to schedule irrigation cycles 
to meet plant water demand (Warsaw et al., 2009). A recently proposed plant demand-
based irrigation system considers that photosynthetic rate is a sensitive indicator of the 
water status of the plant. It assumes that growth would not be compromised when an 
irrigation set point was used based on the substrate water content where photosynthesis 
begins to decline due to water stress. This demand-based irrigation system was developed 
under controlled environments using Hibiscus rosa-sinensis ‘Cashmere Wind’ (Fulcher et 
al., 2012). It was found that water use efficiency (WUE) could be improved using this 
system without reducing plant biomass and plant quality. The current study was designed 
to evaluate this demand-based irrigation scheduling system under outdoor nursery 
conditions and to compare it to its WUE with a daily water use-based irrigation system. 
 
Methods 
 
The study was conducted at the University of Kentucky Horticulture Research Farm in 
Lexington in conjunction with Tennessee in 2012. Buxus microphylla ‘Green Ice’ plants 
were obtained as 4-inch liners from Spring Meadow Nursery (Grand, Haven, MI). Plants 
were potted into 1-gal containers with 85% pine bark: 15% peatmoss (vol:vol) (Renewed 
Earth, Inc., Kalamazoo, MI). After transplanting, plants were fertilized with 19.0N–2.2P–
7.5K controlled release fertilizer with micronutrients (HFI Topdress Special; Harrell’s 
Inc.) at the high, medium low rate (8 g per container). Irrigation zones were 10 square 
feet with 18 plants per replicate. There were three replicate zones per treatment.  Each 
treatment replicate was controlled by a Rain Bird 13DE04K solenoid valve (Rain Bird 
Corporation). Irrigation was applied through four overlapping Toro 570 Shrub Spray 
Sprinklers (The Toro Co., Riverside, CA) per irrigation zone. Emitters were mounted on 
1.3-cm diameter risers at a height of 66 cm. The pH and electrical conductivity of 
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leachate was monitored during the study. Volumetric water content was measured using 
Echo-5 probes (Decagon Devices, Pullman, WA) inserted into two containers per 
irrigation zone. Daily water use (Warsaw et al., 2009) was calculated based on the 
average soil moisture readings of the two ECHO-5 probes per plot and irrigation was 
applied daily at 9 am. The demand-based irrigation system (Fulcher et al., 2012) was 
designed to apply irrigation to return the moisture to container capacity (0.53 cm3) after 
substrate moisture set point (0.28 cm3) has been reached. Acquisition and control were 
monitored using a data logger (CR 1000, Campbell Scientific, Logan, UT). Plant WUE 
was estimated by dividing total dry weight at the time of harvest by total water volume 
applied (irrigation plus precipitation; L per container). Year 2012 was one of the hottest 
and driest in the weather history of Lexington. Plant growth index was calculated 
[(height+width1+width2 perpendicular to width1)/3] to determine plant performance 
under the different irrigation regimes. 
 
Results 
 
The average growth index and average plant dry weight at the end of study were not 
statistically different among plants grown in DWU and demand-based irrigation 
treatments. Plant physiological parameters such as leaf water potential, photosynthetic 
rate, transpiration rate and stomatal conductance were not significantly different among 
plants in both the treatments. Total irrigation water applied was significantly (35%) more 
for the DWU based treatment than the on-demand irrigation treatment. Plants under on-
demand treatment significantly increased irrigation WUE by 31% than plants in the 
DWU treatment. The pH and electrical conductivity of leachate were similar between the 
treatments and were within the acceptable range during the study. These results suggest 
that irrigation based on plant physiological parameters can significantly reduce water use 
compared to using DWU based methods. In addition, for woody plants with lower water 
requirement such as boxwood, DWU methods may significantly increase water usage by 
irrigating every day compared to a plant demand-based water application.  
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Manure and bedding material (litter) generated by the broiler industry (Gallus gallus 
domesticus) often contain high levels of arsenic (As) when organoarsenical roxarsone 
and/or p-arsanilic acid are included in feed to combat disease and improve weight gain of 
the birds. This study was conducted to determine As levels and species in litter from three 
major broiler producing companies, and As levels in soils, corn tissue (Zea mays L.), and 
groundwater in fields where litter was applied. Total As in litter from the three different 
integrators ranged between <1 and 44 mg kg−1. Between 15 and 20% of total As in litter 
consisted of arsenate, with smaller amounts of roxarsone and several transformation 
products that were extractable with phosphate buffer. Soils amended with litter had 
higher levels of bioavailable As (extractable with Mehlich 3 solution). Arsenic 
concentrations in plant tissue and groundwater, however, were below the World Health 
Organization thresholds, which was attributed to strong sorption/precipitation of arsenate 
in Fe- and Al-rich soils used in the study. Ecological impacts of amending soils with As-
laden litter will depend on the As species in the litter, and chemical and physical 
properties of soil that affect As mobility and bioavailability in the environment. 
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CYBERINFRASTRUCTURE AND ENVIRONMENTAL SENSORS IN KENTUCKY 
LAKE:  A VIRTUAL OBSERVATORY AND ECOLOGICAL INFORMATICS 
SYSTEM (VOEIS) 
 
Susan Hendricks, David White 
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Murray State University, 561 Emma Drive, Murray, KY 42071.  270-809-2272 
shendricks@murraystate.edu, dwhite@murraystate.edu 
 
A collaborative KY EPSCoR RII cyberinfrastructure grant (VOEIS – 2009-2013) has 
enabled Hancock Biological Station (HBS) to deploy four automated water quality and 
meteorological sensor systems on fixed and floating platforms on Kentucky Lake and two 
sub-watersheds (Ledbetter and Panther creeks).  Data are transmitted from each location 
every 15 minutes to a database server at HBS (data from the fixed site are available to the 
public at http://www.murraystate.edu/qacd/cos/hbs/WQ.cfm). 
 
High-frequency monitoring of water quality and meteorological conditions on Kentucky 
Lake and tributaries allow scientists to understand limnological and watershed processes 
at resolutions not previously available.  For example, high-frequency data from stream 
monitoring sites give estimates of sediment and nutrient fluxes to Kentucky Lake from 
sub-watersheds. High-frequency weather data demonstrate the influence of 
meteorological conditions on water quality. High-frequency measurements of dissolved 
oxygen, temperature, wind speed and solar radiation are used to assess the balances 
among heterotrophy and autotrophy and lake productivity. 
 
High-frequency meteorological data such as a) precipitation, b) barometric pressure, and 
c) air temperature allow observations of storm event impacts on solute concentrations and 
other water quality parameters not observable from less frequently collected long-term 
monitoring data. 
 
High-frequency dissolved oxygen and water temperature demonstrate diel changes in 
lake metabolism, a metric that characterizes the trophic status of the lake and describes 
the biological relationships between O2 production and O2 consumption.  Gross primary 
production (GPP), net primary production (NPP), and respiration (R) can be calculated 
from O2 concentrations providing a better understanding of biological activity. 
 
High-frequency measurements of chlorophyll a are being used to assess environmental 
drivers of phytoplankton biomass in Kentucky Lake and other lakes and reservoirs.  
Examples of high frequency Chl a data show fluorescence differences between daylight 
and night.  Daylight signals are quenched by high light intensities while nightly signals 
are considered unquenched and more indicative of actual Chl a concentrations.  Wavelet 
analysis deconstructs the time series data to time scales where Chl a signals rapidly 
increase over time showing strong daily activity from July through September and strong 
seasonal activity from March through October.  The information increases our 
understanding of controls on phytoplankton blooms and the relationships among water 
quality variables and phytoplankton seasonal succession. 
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MOLECULAR ENGINEERING OF AQUAPORIN 
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Over 30% of the world’s population lives in countries facing water shortage. This figure 
is predicted to double by 2025.  The overall fresh water storage on our planet is a largely 
fixed number.  The only methods that can increase the usable fresh water supply beyond 
what is available from the water cycle are desalination of sea water, purification of 
ground water, and recycling of waste water.  All these methods depend on the availability 
of efficient techniques to separate water from solute as well as insoluble substances co-
existing with water.   
 
Separation involving membranes with high water 
permeability and selectivity is the method of choice.  
Such membranes require no chemical additives or 
thermal input, are convenient to use, and require no 
regeneration of spent media. The development of 
advanced and innovative membranes by incorporating 
protein nano-channels in a synthetic matrix will drive 
the progress of finding a technological solution to 
global water shortages. Water channel proteins called 
aquaporins confer high water permeability and 
selectivity to biological membranes. In this study, we 
will develop molecular engineering strategies to 
improve the stability of the water channel protein 
aquaporin. Aquaporin Z (AqpZ) is an integral 
membrane protein discovered as an effective water 
channel in Escherichia coli decades ago. In vitro 
studies showed that it is selectively permeable to water 
molecules, but excludes other molecules including 
glycerol, salt, and even protons.  Due to its superb specificity and high permeability, 
AqpZ has been incorporated into artificial membranes used for water filtration and 
desalination. Obtaining an artificial membrane and protein which are chemically and 
mechanically stable over extended periods of time under high pressure and high salinity 
is an obstacle for applications involving biomimic membranes.   
 
Our goal is to improve the intrinsic stability of AqpZ (Figure 1). AqpZ is a tetramer, but 
its water permeability is independent of the quaternary structure. AqpZ is functional in 
the monomer state.  Hence, we focus on the improvement of stability of AqpZ monomer. 
 
Figure 1. Ribbon diagram 
of aquaporin tetramer. Each 
subunit has a water 
conducting channel in the 
center of the helix bundle. 
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We proposed to use two methods: introduction of proline into β-turns and introduction of 
disulfide bond to AqpZ monomer by site directed mutagenesis.  Proline is commonly 
found in β-turns. Due to its rigid backbone structure, more energy is usually required to 
unfold protein containing Pro, which leads to protein stabilization. Several studies have 
shown that introduction of proline to β-turns is an effective way for stabilizing protein 
tertiary structure, especially when proline was introduced at the secondary site (i + 1) in a 
β-turn (Figure 2A).  AqpZ monomer contains eight β-turns.  Three of these eight β-turns 
already contain Pro at the desired position.  We will replace the (i + 1) site in the other 
five β-turns with Pro one at a time to improve protein stability. The introduction of 
disulfide bonds to protein is another traditional and effective way to improve the stability 
of protein. First, we will take advantage of an existing free thoil group C9 and mutate two 
residues from the neighboring helix (A87 and G91) to cystein in order to form disulfide 
bond with C9 (Figure 2B). In parallel, we will engineer Cys pair into the periplasmic 
loops of AqpZ at locations that are within disulfide bonding distance, including G28-G33, 
S118-V193, and A111-F196. Since none of the proposed mutation sites involves 
conserved residues or locate in the water translocation pathway, we expect that mutations 
will not affect the water transportation of AqpZ.  Activity and stability of mutant AqpZ 
will be examined using stopped-flow spectroscopy and circular dichroism spectroscopy. 
 
 
 
Figure 2. A. β-Turns and their presence in AqpZ structure. The ribbon diagram of an 
AqpZ monomer (1RC2.pdb).  Backbone trace was shown for stretches that form β-
turns, with the β-turn formed by K106 to F109 highlighted in a box. B. Head view of 
the structure with positions of the two intrinsic Cys highlighted using space filled model 
(left). Side view of the structure with positions of C9 and two residues close to C9 in 
space, A87 and G91, highlighted (right). 
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TRAPPING OF FLUVIAL SEDIMENT  
WITHIN GRAVEL AND COBBLE SUBSTRATES 
 
Davis Huston 
Graduate Student 
Department of Civil Engineering 
University of Kentucky 
161 O.H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone:  (859) 257-4093 
Email:  dl_huston@hotmail.com  
 
Jimmy Fox 
Associate Professor 
Department of Civil Engineering 
University of Kentucky 
161 O. H. Raymond Bldg. 
Lexington, KY 40506-0281 
Phone: (859) 257-8668 
Email: jffox@engr.uky.edu 
 
 
Deposition of Fine Particulate Organic Matter (FPOM) to streambed substrates 
can a have significant effect on hyporheic exchange and adversely impact aquatic 
ecosystem functioning when present in excess or if carrying contaminants. The trapping 
and flushing of FPOM within streams remain a sediment process that requires further 
research in order that recommendations can be made to the stream restoration 
community.  The process is characterized by downward gravity and fluid pumping forces 
upon FPOM.  Near the streambed, FPOM can be resuspended, transported through the 
bed framework to the lowermost layer, or clogged in the bed interstices.  The transport of 
FPOM in the bed is not currently well predicted but is recognized to be dependent upon 
the bed substrate geometry, bed thickness, intragravel flow, freestream turbulent shear, 
and the size of FPOM relative to the bed substrate. The present study uses two 
recirculating laboratory flumes, one with a representative gravel streambed and the other 
with a representative cobble streambed, to isolate the physical processes responsible for 
FPOM trapping.  The trapping efficiency of each bed is investigated under a range of 
engineered fluvial sediment sizes, sediment concentrations, and hydraulic conditions.  In 
our initial testing, it was found that the sediment passed through the each streambed 
without forming a seal within the bed, and the sediment in each flume filled the bed from 
the bottom.  This can be attributed to our relatively high bed to grain ratio whereby 
gravity settling dominates over clogging in the subsurface.  But, sediment trapping was 
lower than anticipated due to hydraulic pumping, which remobilized the fines.  Ongoing 
results are being collected to better isolate the above processes under a wider range of 
flow conditions. 
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EFFECTS OF ATRAZINE ON  
CHEMCIAL ALARM CUE RESPONSE IN CENTRARCHID SPECIES  
Ben M. Adams and Ben F. Brammell 
Department of Natural Sciences 
Asbury University 
Wilmore, KY 40390 
ben.brammell@asbury.edu  
The chemical alarm cue response is a well established phenomenon in fish whereby prey 
species exhibit antipredator behavior and predatory species exhibit increased foraging 
behavior when exposed to pheromones in fish skin extract.  Atrazine is the most widely 
used herbicide in the United States and therefore one of the most common contaminants 
found in the ground and surface waters of the U.S.  The present study will examine the 
effects of the herbicide atrazine on the chemical alarm cue response in centrarchid 
species longear sunfish (Lempomis megalottis) and smallmouth bass (Micropterus 
dolomieu). Previous studies in our laboratory have demonstrated response to chemical 
alarm cues in predatory but not prey fish. Smallmouth bass exhibited a significant 
increase in time spent moving when exposed to longear sunfish, but not smallmouth bass 
extract.  The current study will investigate whether atrazine exposure disrupts this 
behavior in centrarchid species as has been demonstrated in other fish species such as 
goldfish and Chinook salmon. Fish will be collected from local watersheds and 
acclimated in the laboratory.  Skin extracts from both longear sunfish and smallmouth 
bass will be obtained and fish movement will be quantified for 5 minutes prior to and 
after extract exposure in the presence and absence of atrazine at concentrations of 4, 7, 
and 10 mg/L.  A significant change in chemical alarm cue response between treatment 
and control groups will be indicative of a potential disruption of this response by a widely 
used herbicide.   
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THE FISHES OF THE HICKMAN AND JESSAMINE CREEK WATERSHED 
 
Jordan A. Cox, Graham H. Howell, and Ben F. Brammell 
Department of Natural Sciences 
Asbury University 
Wilmore, KY 40390 
ben.brammell@asbury.edu  
  
Fish are important indicators of aquatic ecosystem health.  We are surveying the fish 
populations of the Hickman and Jessamine Creek watersheds, located in the Kentucky 
River Basin and occupying the greater portion of Jessamine and much of Fayette County, 
Kentucky.  Nearly 80 % of the land in each watershed is agricultural with lesser 
percentages of residential and industrial use land in each.  Both the Hickman and 
Jessamine Creek watersheds support a remarkable diversity of flora and fauna although 
data concerning fish distribution in these watersheds is currently relatively limited. This 
study will provide a detailed list of the species present and their distribution within each 
watershed.  Twenty-one fish species have been collected to date including four species of 
darters (rainbow, Etheostoma caeruleum; fantail, E. flabellare, greenside, E. blennioides; 
and logperch, Percina capodes), five species of sunfish (green, Lepomis cyanellus; 
bluegill L. macrochirus; longear, L. megalotis; warmouth, L. gulosus; and rockbass, 
Ambloplites rupestris), two species of black bass (smallmouth, Micropterus dolomieu; 
and largemouth, M. salmoides), and one madtom (Noturus flavus).  The results of this 
study provide baseline data on the fish communities present in these relatively 
undisturbed systems and provide heuristic data for future study of the fishes of the 
Jessamine and Hickman Creek watersheds.   
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GENE EXPRESSION IN SUNFISH AS A BIOMARKER OF CONTAMINANT 
EXPOSURE 
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1Department of Natural Sciences 
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Wilmore, KY 40390 
 
2Department of Department of Biology and Chemistry 
Morehead State University 
Morehead, KY 40351 
 
3Department of Civil Engineering 
University of Kentucky 
Lexington, KY 40536 
 
 
The use of biomarkers allows researchers to assess physiological responses to pollution 
and thereby enables pollutant detection and contributes to an understanding of the 
biological significance of contamination.  We sequenced and examined the expression of 
three pollutant sensitive genes (cytochrome P4501A1, metallothionien, and uridine 5'-
diphospho-glucuronosyltransferase) in green sunfish, a widely distributed species of 
North American sunfish.  Fish were collected from both reference and contaminated 
sections of streams surrounding the Paducah Gaseous Diffusion Plant (PGDP) in western 
Kentucky.  The streams surrounding the PGDP that are the focus of this study have a 
long and well documented history of contamination by both organic and inorganic 
contaminants.  Sediment PCB concentrations in contaminated sites were between 10.09 
and 14.29 µg/Kg while PCB concentrations as high as of 0.473 μg/g total PCBs were 
observed in fish tissue.  Aqueous copper concentrations in contaminated sites were as high 
as 9.18 μg Cu/L, a level consistent with the induction of the metal sensitive protein 
metallothionien in similar studies.  These results provide valuable information linking 
contaminant levels to biomarker response in resident organisms. 
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PRELIMINARY ASSESSMENT OF WATER QUALITY IN A RESTORED SECTION 
OF THE CANE RUN WATERSHED, LEXINGTON, KY 
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859-257-1079 
afreytag@uky.edu 
 
Mark Coyne 
N-122N Ag. Science Center, Lexington, KY 40546-0091 
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mscoyne00@email.uky.edu 
 
Amanda Gumbert   
N-122T Ag. Science Center, Lexington, KY 40546-0091    
859-257-6094  
 amanda.gumbert@uky.edu 
 
Riparian areas are vegetated borders, either naturally occurring or manually planted, that 
separate a stream or other water body from an upland land use.  Both the amount and type 
of vegetation growing in a riparian area influence water quality.  There is increasing 
evidence that restoring native vegetation to riparian buffers beside streams improves 
water quality and the overall stability of the streams.  The taller plants and trees near a 
stream provide shady areas that lower water temperature, which can increase the 
dissolved oxygen and positively influence the macroinvertebrate community.  Riparian 
buffers also stabilize stream banks and lower nonpoint source pollution by improving 
infiltration of runoff. 
This preliminary assessment was conducted concurrently with a riparian buffer 
restoration project on a channelized tributary of the Cane Run Watershed in Lexington, 
KY.  The concurrent project focuses on the maintenance of the riparian area as it relates 
to soil properties such as infiltration rate, soil aggregate size, root density, and nutrient 
content to maximize the function of the riparian area.  The riparian buffer restoration 
project consists of 10 replicates of four treatments (Intense Mow, Moderate Mow, No 
Mow, and Native Grass) in plots 10 m wide (parallel to the tributary) extending 15.25 m 
away from the tributary.  The intense mowing treatment was also used as a control 
because this is the previous plant growth management practice in this area of the 
tributary.   The total reach of the tributary utilized for these 40 plots was 540 m.  Due to 
agricultural and geological features along the tributary, sample area was divided into 
three blocks creating an incomplete block design.  Water samples were taken at the 
tributary edge on the downstream end of the plots within each block in July and 
December of 2012.  Channel depth and width, pH, electrical conductivity (EC), nutrient 
content, fecal coliforms, and biological oxygen demand (BOD) were measured.  
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 Depth 
(cm) 
Width 
(m) 
pH 
 
EC 
(mS 
cm-1) 
BOD 
(mg 
L-1) 
NH4 
(ppm) 
NO3 
(ppm) 
NO2 
(ppm) 
PO4 
(ppm) 
Fecal 
Coliforms 
(CFU 100 
mls-1) 
7/18/12           
Range 1.27-
13.97 
1.40-
7.70 
7.24-
8.10 
0.44-
0.53 
0.86-
7.47 
0-0.66 0.05-
0.3 
0-0.01 0.01-
0.4 
3-369 
Mean 
(Std dev) 
7.13 
(3.2) 
3.43 
(1.19) 
7.68 
(0.2) 
0.49 
(0.02) 
3.69 
(1.98) 
0.07 
(0.1) 
0.1 
(0.04) 
0(0) 0.15 
(0.1) 
76 (90.87) 
           
12/6/12           
Range 6.35-
21.59 
2.20-
9.40 
7.77-
8.48 
0.53-
0.59 
1.2-
5.37 
0-0.28 0.5-
0.87 
0-0.01 0.05-
0.14 
50-290 
Mean  
(Std dev) 
13.48 
(3.55) 
4.05 
(1.50) 
7.96 
(0.13) 
0.57 
(0.01) 
2.62 
(0.97) 
0.03 
(0.06) 
0.70 
(0.07) 
0.01 
(0) 
0.1 
(0.02) 
148 (48.2) 
 
 
The tributary changed in depth and width along the reach and as a consequence of the 
season.  pH was routinely alkaline, which is consistent with flow over the underlying 
Ordovician limestone, and along with EC was the most static of the water quality 
parameters measured regardless of season.  Nutrient concentration was usually, but not 
consistently higher in July than December.  The exception was NO3 concentration in 
December.  Fecal coliform concentration occasionally exceeded primary water contact 
standards each sampling period.  BOD was extremely variable within each transect, with 
the coefficient of variation exceeding 54% in July and 37% in December.  Preliminary 
analysis suggests that there are differences in fecal coliform and BOD values that can be 
detected in a 10 m section of the tributary in response to the riparian buffer management.   
However more data will be needed to determine if clear patterns appear.   
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GROUNDWATER MONITORING OF DRINKING WATER SOURCES IN KENTUCKY, 
2000-2012: COMPARISON OF PHYSIOGRAPHIC REGIONS 
 
Albert Westerman, Phillip O’Dell, and Jolene Blanset 
Kentucky Department for Environmental Protection 
Division of Water 
200 Fair Oaks 
Frankfort, KY 40601 
502-564-3410 
albert.westerman@ky.gov 
 
 Groundwater data was collected for twelve years from drinking water wells across 
Kentucky and analyzed for up to sixteen metals (Al, Ag, Ba, Be, Cd, Cr, Cu, Fe, Hg, Mn, Mo, 
Ni, Pb, Sr, Tl, Zn) and four metalloids (As, B, Se, Sb). Results were grouped by physiographic 
region (Eastern Coalfield, Bluegrass, Mississippi Plateau, Western Coal Field and Jackson 
Purchase) and compared to National Drinking Water Standards (MCLs, SDWR, and Health 
Advisory levels) to determine if regional differences in the potential for health effects were 
present. Although levels of metals and metalloids were above National Standards in some well 
samples, regional median levels remained 5-40 times lower than the health standards. Many 
individual well samples indicated that the concentrations were below the analytical detection 
limits for the constituent. No regional human health effects from drinking water well sampling 
were indicated, and no regional differences were distinguished for any metal or metalloid. 
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PRELIMINARY RESULTS FOR THE STATEWIDE GROUNDWATER 
PATHOGENS STUDY 
 
Susan Mallette and Jessica Moore 
Kentucky Division of Water 
200 Fair Oaks Lane, Frankfort, KY  40601 
(502) 564-3410 
susan.mallette@ky.gov  
 
 
The Kentucky Division of Water (DOW) is conducting a statewide study of pathogens in 
groundwater as a part of a nonpoint source assessment funded by the Clean Water Act 
Section 319(h). The goals of the study are to investigate human impacts to groundwater 
and inform private water well owners about the state of their wells and proper 
maintenance. Kentucky does not regulate private drinking water sources and this project 
is an opportunity for DOW to evaluate whether Kentucky’s domestic well user are being 
exposed to pathogens in their drinking water.  It is also a chance for interested 
groundwater users to obtain water quality data on their well and/or spring water. This 
project represents the first attempt at a statewide, systematic assessment of these water 
quality parameters in private groundwater sources. Historically, DOW has only collected 
this particular suite of samples on an infrequent basis, typically in response to citizen 
complaints. Without a systematic approach it is often difficult to distinguish between 
actual groundwater contamination and bacteria growth confined to the well bore due to 
poor construction or a lack of maintenance. 
To date, roughly 200 domestic water wells and springs have been sampled throughout the 
state, with priority on those used as private drinking water sources. Samples were 
analyzed for total coliform, E.coli, Iron Related, Sulfate Reducing, and Slime-Producing 
bacteria (using BART© kits) as well as caffeine. Many factors can influence the presence 
of bacteria in water wells, including poor well construction and maintenance, failing 
onsite sewage disposal systems, animal feedlot operations and a variety of nonpoint 
sources. Wells that test positive with BART© kits or for total coliform but not E.coli or 
caffeine may simply illustrate the need for regular well maintenance. Positive E.Coli 
results indicate impacts to groundwater from human or animal waste and a positive 
caffeine result would indicate that the well is being impacted by human activities.   
This study has greatly expanded our knowledge of the occurrence of these parameters in 
groundwater across Kentucky.  Preliminary results show a plausible link between 
maintenance and disinfection frequency, well construction (specifically seal type and 
integrity), and source type (well vs. spring) to bacteria presence.  
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A secondary goal of this study is outreach and education for citizens using private 
groundwater sources as drinking water supplies.  All participants were informed about 
the importance of routine water well and septic tank maintenance. Copies of DOW’s 
Water Well Maintenance Guide and generic Groundwater Protection Plans for septic 
systems and water wells to use for record keeping were presented at each site. 
Participants also received results for samples collected from their wells/springs along 
with a letter of explanation regarding the quality of their drinking water.  Future studies 
could include expanded monitoring and follow-up samples of wells after they have been 
disinfected properly.  
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ARSENIC DETECTION USING QUARTZ CRYSTAL MICROBALANCE 
Daniel Burriss and David Atwood 
Department of Chemistry University of Kentucky Lexington, KY 40506-0055 
859-257-7304 
DAtwood@uky.edu 
 
Most of the current methods for the detection of selenium and arsenic require 
preconcentration or digestion prior to analysis on a laboratory instrument, such as 
inductively coupled plasma mass spectrometry (ICP-MS). The current methods do not 
allow onsite detection and can have long turnaround time for analysis reports. The results 
obtained in this study will allow the determination of optimized conditions for real time 
selenium and arsenic detection with very low limits of detection using a quartz crystal 
microbalance. In the quartz crystal microbalance a quartz crystal oscillates at its 
resonance frequency and any changes in mass on the crystal causes a change in the 
resonant frequency, which is measured and the change in mass calculated. The sensitivity 
of this detection method can measure changes in mass as small as 100ng[1]. It is believed 
that attaching a ligand to the surface of the quartz crystal will allow for detection of metal 
and metalloid ions in solution based on their interaction with the receptor ligand. 
Figure 1 shows the structure of the receptor that is attached to the quartz crystal 
which is a carboxylic acid derivative (abbreviated AB9) of the parent compound N, N’-
bis(2-mercaptoethyl)isophthalamide (abbreviated B9). B9 and AB9 have been shown to 
remove arsenic from water and the bonding to the ligands has been established. This 
work focused on investigating the reaction mechanism and final products of the reaction 
of the dithiol ligand B9 with selenite. It is well known in the literature that small 
alkylthiol compounds undergo a series of reaction steps, including formation of 
alkylthioselenic acid, bis(alkylthio)selenoxide, sulfenic acid, and thiosulfonate before 
eventually producing elemental selenium and disulfide[2]. Based on pH and other factors, 
the reaction can be stopped at various points along the reaction steps. To the best of our 
knowledge no studies with selenite have been performed with a dithiol ligand and this 
was addressed in the current research. Reaction products were characterized using 
infrared spectroscopy, nuclear magnetic resonance spectroscopy, mass spectrometry, 
differential scanning calorimetry, and thermo gravimetric analysis. 
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Figure 1:  Structure of B9 and AB9: 
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References: 
[1] Marx, K. A., Quartz Crystal Microbalance:  A Useful Tool for Studying Thin Polymer 
Films and Complex Biomolecular Systems at the Solution−Surface Interface. 
Biomacromolecules 2003, 4 (5), 1099-1120. 
[2] Kice, J. L.; Wilson, D. M.; Espinola, J. M., Oxidation of bis(tert-butylthio) selenide at 
low temperatures: search for a bis(alkylthio) selenoxide. The Journal of Organic 
Chemistry 1991, 56 (11), 3520-3524. 
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SPECTRAL CHARACTERIZATION OF 2-D WATERBODIES 
FROM LEAF-OFF MULTISPECTRAL IMAGERY 
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Commonwealth Office of Technology 
100 Fair Oaks Ln.  
Frankfort, KY 40601 
502-564-6246 
demetrio.zourarakis@ky.gov 
 
Agricultural ponds are numerous and ubiquitous in Kentucky and account for a fairly 
substantial portion of the open water land cover class (USGS, 2013). These two-
dimensional (2-D) waterbodies undergo changes in water depth, open water area, 
shoreline morphology and degree and type of pollution throughout the year. A systematic 
visual examination was undertaken of several image tiles composing the 4-band, 0.3048 
m resolution, digital aerial orthophotography datasets acquired by the Kentucky Aerial 
Photography and Elevation Program (KYAPED, 2013).  Spectral statistics were extracted 
for the known, mapped features present in the National Hydrography Dataset, 2-D 
waterbodies layer as well as for those additional features that had not been accounted for 
(USGS, 2013). The spectral information was compared to that acquired during 2010 and 
2012 as leaf-on, summer multispectral imagery from the National Agricultural Imagery 
Program (NAIP) (Kentucky Geoportal, 2013). 
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EVALUATION OF TRICHLOROETHYLENE DECHLORINATION AND 
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NANOPARTICLES SYNTHESIZED IN SITU FROM EXHAUSTED CATALYST OF 
IRON-BASED REDOX POLYMERIZATION  
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Water pollution is mainly made by man and is a serious concern in all the aspects of 
society including development, politics, economy, and science and technology. Most of 
the pollutants have two main origins: organic compounds and heavy metals. Two of these 
contaminants have high interest because of their persistence in nature and the difficulties 
related with their treatment and/or elimination. These compounds are an organic 
compound Trichloroethylene (TCE) and Selenium a heavy metal. 
 
TCE is a liquid chemical artificially synthesized and used as a solvent to remove 
grease in metal cleaning processes. Although a large part of TCE volatilizes in air, small 
quantities can go to soils and contaminate aquifers. TCE is heavier than water, it sinks 
below the ground water and is released over time making it very persistent in nature with 
a half life between months and decades depending on the releasing and storage times. 
 
The effects of TCE have been proven carcinogenic in experimental animals. TCE is 
distributed in general in all tissues of the body; it is metabolized in the liver and excreted 
through the urine but small quantities can be stored in body fat. This pollutant in water 
may cause damage in the liver and the kidney, harm fetal development and affect 
immune system function as well. 
 
Selenium (Se) on the other hand is a metal found in mineral deposits. Its uses go from 
electronic and printing components to metal alloys, textiles, dyes, and pigments.  
 
Selenium causes in the short term damage in the peripheral nervous system, fatigue 
and irritability; hair and fingernail changes; and in the long-term damages to kidney and 
liver tissue, nervous and circulatory systems and the loss of hair and fingernails. The 
American Cancer Society states that Se could be good as a nutrient that may help prevent 
cancer. 
 
To capture the Selenium and to reduce TCE, extensive studies have shown the effect 
of zero-valent iron nanoparticles (nZVI). These nanoparticles have a very high surface 
area (which is related to reactivity) about 30 times higher than iron powder. However, the 
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nanoparticles in solution phase treatment cannot be recovered due to their minute size, 
thus it is necessary to make a support that helps in their immobilization and possible 
recycling. 
 
The creation of a support like polymer hydrogel or a membrane pore domain for the 
immobilization of nanoparticles (nZVI) prevents their loss and reduction of active surface 
area. The novelty of this work is that the nanoparticles are synthesized using the metal 
catalysts from the polymerization of PAA hydrogel.  
  
This work describes the preparation of a polymer of acrylic acid (AA) crosslinked 
with N,N'-Methylenebisacrylamide (MBAm) by redox polymerization and the use of the 
exhausted metal based catalysts (ferric ion) of the process to synthesize zero-valent iron 
nanoparticles for water remediation applications. The polymerization is done by free 
radicals in a reaction between a catalyst (FeCl2) and an initiator (Potassium persulfate). 
This redox polymerization is the source of the metal ions that are going to be reduced and 
immobilized simultaneously in the polymer.  
 
The objective in the present work is to show the characterization of different 
formulation of poly(acrylic acid) hydrogel samples through simple methodologies 
followed by characterization and utilization of the iron nanoparticles within as reducing 
agent of Trichloroethylene (TCE) and capture of Selenium in aqueous solution. 
Morphological, spectral and thermal properties of the produced hydrogel were examined 
with and without the nanoparticles formed.  
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WATERSHED BASED PLANNING IN THE URBAN WOLF RUN WATERSHED 
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The objective of this presentation is to present a case study of the development of a 
watershed based plan in an urban environment.  In August 2010, the Lexington-Fayette 
Urban County Government (LFUCG) contracted with Third Rock Consultants and 
Friends of Wolf Run, to complete a watershed plan for Wolf Run Creek.  The project was 
funded through a U.S. Environmental Protection Agency 319(h) grant awarded by the 
Kentucky Division of Water (KDOW) to LFUCG. 
 
The Wolf Run Watershed is Lexington’s most highly urbanized watershed with about 
40% of the surface covered with impervious material.  The 13.5 miles of perennial 
streams and tributaries in the watershed drain an area of 10.18 square miles.  The 
watershed has significant karst development including Preston’s Cave, McConnell 
Springs, and Kenton Blue Hole among other features which complicates the hydrology 
by redirecting groundwater from the adjacent basins. Wolf Run Creek is listed as 
impaired on the 303(d) list for nonsupport of primary and secondary contact recreation 
and partial support of warmwater aquatic habitat with cause including fecal coliform, 
nutrient / eutrophication biological indicators, and specific conductance from a number of 
suspected sources.  The goal of the watershed plan was to identify the sources of 
pollution and the remediation efforts necessary to return the stream to its designated uses. 
 
The Wolf Run Watershed Council was formed in December 2010 to receive input from 
the community on citizen desired goals and objectives for the watershed, to provide local 
knowledge on specific issues within the watershed, and to provide review and feedback 
on the plan progress.   
 
All available data was compiled and reviewed to evaluate the additional data necessary to 
complete the plan.  A plan was developed in April 2011 and executed from May 2011 to 
May 2012.  Tasks included gathering data on the macroinvertebrate community, stream 
habitat, hydrogeomorphology, hydrology, and chemical water quality.  The data was 
collected through a successful cooperative effort between of Friends of Wolf Run 
volunteers and Third Rock biologists and engineers.   
 
The monitoring indicated that the aquatic macroinvertebrate community ranged from 
“poor” to “very poor” according to macroinvertebrate biotic index scores assessed at 
seven sites due to extremely low numbers of absence of mayflies, stoneflies, and 
caddisflies.  The habitat, assessed at 33 reaches according to the Rapid Bioassessment, 
ranged from 50 to 153, but with only 2 of the 33 reaches achieving a “fair” narrative 
criteria and all others “poor.” Contributing factors to the poor scores included narrow 
riparian zone width, lack of pools and available cobble habitat, embeddedness, and poor 
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base flow levels.   Hydrogeomorphic assessments, conducted at nine sites, indicated the 
streams are generally over-widened and entrenched with significant channel alteration, 
bank armoring and bedrock substrate on many reaches.  Sedimentation deposition and 
aggradation was noted downstream of Preston’s Cave.  Stage-discharge curves, 
developed for five locations in the watershed, indicate that streams were extremely flashy 
during storm events, but also sustain frequent and prolonged periods of dry or low flows.   
 
Water quality monitoring results, sampled at 12 locations over 10 months, indicate 
nitrogen, phosphorus, dissolved oxygen, ammonia, specific conductance, suspended 
solids, and E. coli each exceed benchmarks for one or more events.  Annual pollutant 
loads and reduction goals are calculated for nitrogen, phosphorus, suspended solids, and 
E. coli.  Wet weather contributions to the annual loading are the most significant for E. 
coli, phosphorus, and suspended solids but less significant for nitrogen.  Load reductions 
of over 90% are required to reach the regulatory levels for recreational use.  Significant 
load reductions in suspended solids and phosphorus are necessary in some subwatersheds 
and only slight load reductions in nitrogen are needed.   A watershed-wide specific 
conductance survey (373 measurements in 8 days) indicates the highest concentrations 
were in the headwaters of Wolf Run, Vaughn’s Branch, and the Big Elm Tributary.  
 
Based on these results, the Wolf Run Watershed Council devised general goals and 
objectives for the watershed, and recommended the types of Best Management Practices 
(BMPs) and locations for implementation.  An Outreach Campaign Subcommittee was 
organized to develop an education and outreach plan for the watershed and a Water 
Quality BMP Technical Subcommittee was organized to review the Council 
recommendations and develop an implementation strategy with prioritized projects. 
 
In January 2013, a comprehensive implementation plan was developed based on these 
efforts and presented for public comment.  The plan identifies 138 BMP project 
opportunities in the watershed, 61 high priority, 33 medium priority, and 44 low priority 
projects.  These implementation projects include 18 BMPs targeted to address the E. coli 
load and sanitary sewer, 14 education and outreach BMPs, 39 green infrastructure BMPs, 
16 trash and debris cleanup BMPs, a Neighborhood Association BMP Program, and 
several target locations for Streets and Roads BMPs.  Additional stream and habitat 
improvement opportunities include 3.5 miles of stream restoration, 5.6 miles of riparian 
buffer restoration, and approximately 850 feet of bank stabilization. Wetland creation or 
expansion is proposed for approximately 20 acres and enhancements are proposed at two 
springs.   
 
Implementation has been initiated or is planned for the near future on about 40 of these 
projects.  Next steps include implementation of other identified opportunities, ongoing 
monitoring of the water quality improvements and implementation status, and adapting 
the plan to address the changing needs of the watershed. 
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OCCURENCE OF ESTROGENIC COMPOUNDS  
IN SURFACE WATER, SOURCEWATER AND DRINKING WATER  
IN THE BARREN RIVER WATERSHED 
 
R.L. Grigsby, R.D. Taylor and J.L. Eagleson 
Western Kentucky University, Department of Public Health 
1906 College Heights Blvd., Bowling Green, KY 42101 
(270) 745-4797 
roni.grigsby@topper.wku.edu 
 
 
Estrogenic compounds have been detected in the environment and can elicit biological 
effects on humans and wildlife.  The objectives of this study were designed to assess the 
occurrence of estrogenic compounds in the Barren River Watershed.  A major component 
of the study was to adapt EPA method 539M for determination of hormones in drinking 
water by solid phase extraction and Liquid Chromatography Electrospray Ionization 
Tandem Mass Spectrometry (LC-ESI-MS/MS) to the Barren River Watershed sample 
matrices.  Solid phase extraction was accomplished by filtering samples through C18 
discs, eluting with methanol, and reconstituting samples for analysis.  This procedure was 
followed to determine if detectable concentrations of estrogenic compounds exist in the 
Barren River upstream and downstream of Bowling Green, KY, and in the municipal 
drinking water supply. Results of the study indicate that estrogenic compounds are 
detectable in the Barren River downstream from a wastewater effluent discharge.  This 
project serves as a catalyst for future research on the occurrence, distribution and fate of 
estrogenic compounds in receiving streams of Kentucky.  
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ANALYZING RAINFALL BASED CLIMATE INDICES IN  
KENTUCKY AND INDIANA 
 
Karim Mohammad1, Chandramouli Viswanathan2, Ramesh Teegavarapu3 
1 Senior Civil Engineering Student, Mechanical Engineering Department, 
Purdue University Calumet, Hammond, IN 46323 
 
2 Associate Professor of Civil Engineering, Mechanical Engineering Department, 
Purdue University Calumet, Hammond, IN 46323 
 
3 Associate Professor of Civil Engineering, Department of Civil Engineering, 
Florida Atlantic University, Boca Raton, FL 
Rainfall based climate indices are popularly used to examine the changes in behavior of 
rainfall pattern. In this study, six different indices were used to examine the changes in 
the recent 30 years to that of the previous 30 years. Indices, namely maximum 1 day 
precipitation, maximum 5 day precipitation, number of days when recorded rainfall is 
more than 10 mm (R10), number of days when recorded rainfall exceeds 20 mm (R20), 
consecutive dry days (CDD), and consecutive wet days and very wet days were 
considered in this analysis (Teegavarapu et. al., 2012).  
For the analysis, Indiana and Kentucky were divided into four zones each and the 
regional behaviors were compared. Historic daily rainfall data were downloaded from the 
NOAA web site and were organized for this analysis (1950 to 2010). Using the point 
rainfall stations, the shifts in maximum one day precipitation, maximum 5 day 
precipitation and consecutive dry days in the recent 30 years and previous 30 years were 
compared. The results indicated a marginal shift indicating increased daily and 5 day 
precipitation indices.  
To study the usefulness of these indices in drought analysis, consecutive dry days and 
SPI index (Wilhite and Glantz, 1985) were compared. All the indices were constructed 
for six month span. In this analysis, for example, for the consecutive dry days, number of 
consecutive dry days in a six month span was captured for the 60 year span. For 
comparison, the SPI values were also calculated for same time span. The indices that 
correlated very well with the SPI were examined initially. R10 and CDD had good 
correlation with SPI.  To study the patterns, for each region, frequency of CDD were 
calculated and Cumulative Distribution Function (CDF) was prepared for 1950 to 1980 
and 1981 to 2010. The CDF of the two time periods were compared on the same plot to 
                                                          
 
 
 
104 
 
see the variations. As an example, Northwest Kentucky CDD data analysis is presented in 
Figure 1 which clearly indicates decreased probability of getting CDD in recent years.  
References: 
Teegavarapu, R.S.V, Goly, A., V. Chandramouli, Behera, P., 2012, Precipitation 
Extremes and Climate Change: Evaluation Using Descriptive WMO Indices, World 
Environmental and Water Resources Congress, 2012 held at Albuquerque, May 20-24, 
New Mexico, USA, 1927--1936. 
Wilhite, D.A., and M.H. Glantz, 1985, Understanding the drought phenomenon: The role 
of definitions, Water International, 10, 111-120. 
 
 
Figure 1. Variation of CDF for CDD counts in the two time periods 
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ENGAGING PARTNERS IN THE CANE RUN WATERSHED 
 
Carol Hanley, Carmen Agouridis, Amanda Gumbert 
Environmental and Natural Resources Initiative, College of Agriculture 
200 E Kentucky Tobacco Research & Development Center 
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The Cane Run Watershed (CRW) project management team, composed of the University 
of Kentucky, College of Agriculture, Environmental and Natural Resources Initiative, 
and the Department of Biosystems and Agricultural Engineering staff, is involved in an 
innovative, comprehensive program that engages K-12 students and teachers and citizens 
within the watershed and is designed to increase understanding of water quality issues 
and promote urban stream restoration. The two goals of the project, one for each major 
audience, include the following: 
 
Goal 1: Engage K-12 and community partners in an urban watershed, the Cane Run 
Watershed, in an innovative education project to improve water quality in the watershed 
 
Goal 2: Engage all citizens within the watershed in the urban-stream restoration project. 
 
The K-12 portion of the program involves the formation of partnerships between 
community groups and three schools to develop a geographic education tool – a map of 
Cane Run Environment & Watershed. The map uses a GIS platform and is accessible 
from an Internet portal at UK.  When completed, the map will include water quality data, 
demographics, geographic information, photos and video intended to illustrate the 
environmental health of the watershed.  In the process of making the map, students will 
interact with environmental science professionals to learn about career opportunities and 
the technical knowledge required for these professions. In addition to creating the map, 
students will make presentations at community and local government events to 
demonstrate their learning.   
 
A second component of the program involves an upcoming urban stream restoration 
project. The restoration project involves a section of the Cane Run Creek located in a 
city-owned park adjacent to a newly built 12-mile streamside walking/biking path;  the 
project location presents a unique opportunity for citizens to become involved in 
watershed issues. The UK management team will not only educate citizens regarding this 
restoration project but will also  create opportunities for community input (including 
students, teachers, and their newly-developed map) into the planning process.   
 
Participants who attend this session will learn about the planned education and 
community activities and progress to date.  Students involved in the program will be 
invited to the Symposium to present their findings and talk about their maps. 
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